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Preface 


Everyone’s computer seems to shrink with age. This shrinkage is 
usually first apparent in the memory as what was, initially, an enor- 
mous memory becomes very confining. The addition of another 
memory board or two temporarily solves the problem. Also, at first, 
the lack of hardcopy seems almost a blessing but, with every pass- 
ing clock cycle, the need for a written record becomes more impor- 
tant. A printer interface board is added in hopes that it will do the 
trick. However, there are a host of expansion boards available for 
expansion and the present system always seems to be wanting and 
waiting for more and more. The key to system expansion is the bus 
through which the processor communicates with the present and 
future system components. 

This book is about buses. A general discussion in Chapter 1 is 
used to acquaint the reader with bus basics. Then, the mechanical 
data, pinout designations, and bus signal definitions of the 21 most 
widely used bus systems are listed and explained in the following 
chapters so that the reader may better understand the bus of his or 
her system, or evaluate the bus of another system, or plan the inter- 
face of one bus to another. Expansion and interface boards are de- 
scribed and explained so that a greater use of the bus system can 
be obtained. Many photographs and pinout drawings are shown so 
that a better understanding of microcomputers, interface boards, 
and buses can be realized. 

Since the first edition of this book was published, personal micro- 
computers have changed. Most are now offered as a complete 
package that contains everything necessary for immediate use in 
BASIC, Although many do not contain the traditional motherboards, 


the bus is still important for expansion. In these systems the ex- 
pansion bus is generally brought out to an edge connector. 

The industrial microcomputer still contains a motherboard which 
must be populated with selected boards to do the particular job 
at hand. Such boards, which include CPU, memory, and i/o boards, 
have to be interconnected through a system bus. 

We would like to express our appreciation to the many manufac- 
turers who participated in the preparation of this book by sharing 
their schematics and system descriptions. Thus they have helped 
the reader to better understand and use their products. We also 
want to give special thanks to Debbie for her meritorious service in 
preparing the manuscript. 


ELMER C. PoE 
James C. Goopwwn II 


To our wives, Debbie and Sue 
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CHAPTER 1 


Bus Structures 


After the introduction of the Altair 8800 in early 1975, interest in 
microcomputers by hobbyists began to grow rapidly. In those early 
days, getting a system set up and running was often a formidable 
challenge. Yet, even then, the need for system expansion was quickly 
felt. Companies producing Altair-compatible memory boards soon 
appeared and flourished. By the end of the year the Altair had be- 
come a leader with over 50 companies producing plug-compatible 
boards for the “Altair” or S-100 bus. During this period several other 
successful systems, including the SWTP 6800, KIM-1, and IMSAI, 
were introduced. Some of these systems used the Altair bus but many 
did not. Since then, many systems and buses have appeared. Mem- 
ory, serial and parallel i/o, video and graphics display, analog i/o, 
voice systems and recognition, music synthesis, and a host of other 
boards are available for these systems. Figs. 1-1 through 1-9 show 
some typical systems and plug-in boards. 

The Commodore PET shown in Fig. 1-1 is a complete microcom- 
puter system in one unit. It has its own bus. The Atari 800 illustrated 
in Fig. 1-2 is also a complete microcomputer system with its own bus. 
The AIM 65 computer shown in Fig. 1-3 is a complete system that 
can be expanded via the bus connector at the rear of the board. The 
Heathkit H8 uses Heath’s Benton Harbor Bus. It is complete as 
shown in Fig. 1-4 using keypad and octal displays or it is usable with 
other i/o devices. 

Fig. 1-5 shows the Vector 1, an S-100-based system that relies en- 
tirely on external i/o devices. An S-100 serial communications board 
is illustrated in Fig. 1-6, while a Heath H8-2 parallel interface board 
is shown in Fig. 1-7. Notice the bus connector on the right side of 
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the H8-2 board. Fig. 1-8 shows the Percom floppy disk and controller 
for SS-50 systems, while Fig. 1-9 illustrates the video digitizer board. 
It is using the SS-30 connector in an SS-50 system. 


Courtesy Commodore Business Machines, Inc. 


Fig. 1-1. PET, a complete microcomputer system. 


The bus of a system is the selection and arrangement of its signal 
and power lines on a connector for distribution to other boards. Bus 
structure becomes important when system expansion is considered, 
since the needed signals must be available. Careful examination of 
the bus of a system should be made before a system is purchased. 
The most popular buses will be discussed in detail. 


ADDRESS LINES 


Regardless of the microprocessor used in a system or the number 
of lines on its bus, the address, data, and control signals must be 
available. The address lines are used by the processor to indicate 
to memory and other peripherals the location with which it wants 
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Courtesy Atari, Inc. 
Fig. 1-2. Atari 800 computer. 


Courtesy Rockwell International 
Fig. 1-3. S-100 extender board. 


Courtesy Heath Co. 
Fig. 1-4. Heathkit H8 digital computer mainframe. 


Courtesy Vector Graphic, Inc. 
Fig. 1-5. Vector 1 is an S-100—based system. 
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Courtesy DCHayes Associates 
Fig. 1-6. An $-100 serial communications board. 


to communicate. The 8080, 8088, Z-80, 6800, 6809, and 6502 have 16 
address lines, generally labeled AO-A15, that are divided into two 
8-bit bytes. Lines AO-A7 comprise the low-address byte and lines 
A8-A15 comprise the high-address byte. Not all address lines may 
be used by any one board. The 8086, 68000, Z-8000, LSI-11, and 
TI9900 are 16-bit processors that may contain up to 24 address lines. 


Courtesy Heath Co. 


Fig. 1-7. Heath H8-2 parallel interface board. 


Courtesy Percom Data, Inc. 


Fig. 1-8. Percom floppy disk and controller for SS-SO systems. 


° : Hines NSN SNS 
CLAN NRO ‘ Se NN Sen bidoeinnnvessecousaeducsaecectaniiadl 
dvanahoastedieese cee: 3 < 2 
fannceh sean none 


ean ned 
NA ORAAAR SOON. 
RAY Snenqecoeh 


Setar 


Courtesy The Micro Works 
Fig. 1-9. Video digitizer board using the $S-30 connector in an SS-50 system. 
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DATA LINES 


The data lines, usually designated DO-D7 on 8-bit buses and D0- 
D15 on 16-bit buses, carry instructions and data between the proces- 
sor and all the peripherals, including the memory. All processors 
have bidirectional data lines which carry information both into and 
out of the processor. The direction of information flow on these lines 
is usually under processor control. All buses, except the S-100 and 
the Digital Group buses, maintain the bidirectional data lines. The 
S-100 splits the data lines into eight data-input and eight data-output 
lines. The Digital Group bus splits them into eight memory-data in, 
eight memory-data out, eight i/o in, and eight i/o out. 


CONTROL LINES 


The control lines coordinate the operation of all system compo- 
nents. Most buses include a master clock line, often ¢2 on the 
processor, that indicates to peripherals that the address placed on 
the bus is settled and valid. The master clock line also indicates 
valid data is on the data lines during a write operation and that the 
processor can accept data placed on the data lines during a read 
operation. The 8080 and Z-80 buses may include an M1 line that 
signals the beginning of an op-code fetch and a sync line that signals 
the beginning of each machine cycle. 

Direction of data flow on the data lines is determined by one or 
more processor outputs. The 6800 and 6502 systems use a single 
read/write line to control data direction. When the line is high a 
read operation is indicated, when low a write operation will occur. 
This 8080- and Z-80-based systems use separate read and write lines 
and they separate memory from other i/o with two sets of control 
lines. The memory-read and memory-write lines control direction of 
data flow during memory operations. The i/o read and write lines 
control data direction during i/o operations. Most buses include a 
ready line that can be used by slow memory or i/o to momentarily 
halt the processor until valid data can be accessed. 

Most buses include reset lines. Although a few of these are con- 
nected directly to the processor's reset input, many are not. Some 
are outputs of a reset pulse generator that can be used to reset pe- 
ripherals. Others are inputs to circuitry that reset the operating 
system, often through a nonmaskable interrupt input, without re- 
setting the processor. 

Interrupt inputs are common to all systems. These inputs allow in- 
frequent or important peripherals to get the attention of the system. 
A maskable interrupt input line can be ignored by the processor on 
direction from the program. A nonmaskable input cannot be ignored; 
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it must be serviced by the processor. Vectored interrupt inputs feed 
an interrupt controller that assigns priority if more than one inter- 
rupt request should occur at one time. The number and type of inter- 
rupt inputs vary widely among buses. The 8080 and Z-80 buses may 
include status lines that indicate the condition of the maskable input 
or acknowledge the processor’s recognition of an interrupt request. 

Some micro buses are designed to allow more than one device to 
gain control of the bus lines. A system may have more than one 
processor or a variety of intelligent devices, i.e., disk controllers, 
arithmetic and i/o processors, etc., on the bus. Generally, any device 
that is capable of controlling bus operation is called a bus master. 
Devices that operate on the bus but cannot control it, ie., memory, 
i/o ports, etc., are generally called slaves. A system will always have 
at least one master and one slave, and it may have several of each. 

All processors require at least +5 volts dc. The 8080 also needs 
—5 and +12 volts dc. PROMs and communications devices may 
need —5, —9, or —12 volts. Most buses supply these voltages as fil- 
tered but unregulated +8 and +16 volts, with regulation occurring 
on the individual boards. 


SYSTEM EXPANSION 


Expansion of some systems occurs via a motherboard, as shown in 
Fig. 1-10. A motherboard is a printed-circuit board that distributes 
bus signals to several connectors which mate with system boards. 
Motherboards are an integral part of some systems but single-board 
computers may require their addition to allow for expansion. Add- 
ing a board to a system is not as simple as just purchasing it and 
plugging it in. A space must be available on the motherboard; in- 
deed, a motherboard must be present. The power supply of the 
system must produce the necessary voltages and be able to provide 
the extra current required by the new board. The power require- 
ment may become critical in a system that is being expanded. 

An extender board, shown in Fig. 1-11, is used to raise one system 
board above the remaining boards to facilitate testing and trouble- 
shooting. 

The microprocessor board of the system must be able electrically 
to drive the devices on the new board. The processor has very lim- 
ited drive capabilities, so most systems pass the signals of the proces- 
sor through buffer chips. These devices provide little load on the 
processor and are capable of driving up to 100 other devices. With- 
out buffering, the processor can be fatally damaged. However, if a 
system does not buffer the signals of the processor, a buffer board 
may have to be added. Also, the speed of the new board must be 
compatible with the system. Memory and peripherals may not be 
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Fig. 1-10. A 12-slot expandable S-100 motherboard. 
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able to respond to the timing demands of the processor. Although 
most systems include the “REapy” input to temporarily slow the 
processor, this may be unacceptable. 

Care should be taken when assigning addresses to the newly 
added boards. New boards must be placed in unused locations. The 
memory map of the system can be examined te determine the loca- 
tions of existing boards and possible addresses for the new boards. 

Finally, plug compatibility must be carefully examined. A board 
designed for one bus will not plug directly into another, but bus 
interface boards are commercially available. Yet, compatibility prob- 
lems exist between boards that are built for the same bus. The old 
rule of buying the processor and all additional boards from the same 
company no longer holds true. The pinout and signal definitions for 
both the system and the new board should be examined before the 
purchase is made. Specifications of the most popular buses are listed 
and explained in the following pages. 


CHAPTER 2 


The S-100 Bus 


The S-100 bus was introduced by MITS, Inc., on their 8080-based 
Altair kit. In fact, many of the bus lines are signals which are gen- 
erated by the 8080 processor. The S-100 has become the most popu- 
lar bus, if not the industry standard, in use by hobbyists today. Fig. 
2-1 shows an S-100 microcomputer system which includes a key- 
board, video monitor, and dual floppy disk. There are more than 100 
boards being advertised as directly compatible with the S-100 bus. 
These include a multitude of memory boards, serial and parallel 
interface boards, floppy disk controller boards, video boards, music 
synthesizer boards, and speech recognition boards. Some examples 
are shown in Figs. 2-2 through 2-5. 


Courtesy Intersystems 


Fig. 2-1. intersystems S-100 mainframe. 


19 


Courtesy Quay Corp. 
Fig. 2-2. A memory board (8K static RAM). 


The S-100 circuit board (for example, Fig. 2-2) has overall dimen- 
sions of 5.3 by 10 inches (13.4 by 25.4 cm). It fits into a 100-pin edge 
connector (50 on each side, spaced 0.125 inch, or 0.317 cm, apart) 


Courtesy Processor Technology Corp. 
Fig. 2-3. A floppy disk with control boards. 


Fig. 2-4. Stand-alone video board. Only +7 Vde and GND on the bus are used. 


on a motherboard (Fig. 2-6). The pins are numbered from left to 
right as shown in Fig. 2-2 with pins 1-50 on the component side and 
pins 51-100 on the opposite side. The bus supplies unregulated volt- 
ages to the boards; therefore, all boards must contain the necessary 
regulators. The pins are offset toward one end so that the boards 
cannot be inserted backwards. The S-100 pinout designations are 
listed in Fig. 2-7. 


Courtesy Computalker Consultants 


Fig. 2-5. Speech synthesizer board. 
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Courtesy CMC Marketing Corp. 
Fig. 2-6. $-100 mainframe including chassis, 12-slot motherboard, and power supply. 


S-100 SIGNAL DEFINITIONS 


Definition 


Unregulated input to +5-V regulators. 

Positive unregulated voltage supply. 

External ready—ANDed with PRDY (pin 72) and connected to 
READY on the 8080. If XRDY and/or PRDY are pulled low, the 
CPU will enter a wait state until both are high. XRDY is often 
used as a front panel control and can allow single stepping. 
PRDY usually is used to signal when valid data from slow mem- 
ory is on the bus. 

Vectored interrupt O—A vectored interrupt system is used when 


very fast multiple interrupt response is required and is imple- 


mented with a special circuit card. 


Vectored interrupt 1. 
Vectored interrupt 2. 
Vectored interrupt 3. 
Vectored interrupt 4. 
Vectored interrupt 5. 
Vectored interrupt 6. 


Fig. 2-7. $-100 pinout designations. 
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Pin No. 
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W 
12* 


13* 


14* 


15* 


16* 


17* 


19 


20 


21 


22 


23 


ea 


Signal 
VI7 


.XRDY 2 


NMI 
+12V 
READY 3 
IRQ 

CK3 
STDBY 
PAUSE 


RDS BL/L 


STAT DSB 
C/C DSB 


UNPROT 


SS 


ADD DSB 


Definition 
Vectored interrupt 7. 
External ready 2. 
Nonmaskable interrupt. 
Battery backup. 


Interrupt request. 
Phase 3 shift clock. 
Standby power. 
Bank select 8. 

Phase . . 
M6800 phase 1 clock 
Phase 1 shift clock. 
Standby - power . 

Bank select 9. 


M6800 Phase 2 clock. 

Write enable ANDed with write. 
Nonmaskable interrupt. 

Battery backup. 

Bank select 10/address 18. 


M6800 read/write. 
Load medium address byte. 
Bank select 11/address 16. 


Acknowledge signal from addressed memory board. 
Nonmaskable interrupt. 

CPU bus grant. 

Bank select 12/address 17. 

Status disable—A low on this line puts the eight status line buffers 
(SMEMR, SINP, SMI, SOUT, SHLTA, SSTACK, SWO, and SINTA) into 
a high-impedance state. 

Command/contro! disable—A low on this line puts the six com- 
mand/control line buffers (PHLDA, PSYNC, PDBIN, PINTE, PWR, 
and PWAIT) into a high-impedance state. 

Unprotect—A positive pulse resets the protect flip-flop on the cur- 
rently addressed board so that it can accept data. A positive pulse 
on PROT (pin 70) sets the flip-flop so that data cannot be written 
into the currently addressed memory board. Protect status (PS, pin 
69) indicates the flip-flop status; low for protect and high for un- 
protect. 

Single step—Used by front panel, a high disables input buffer 
while panel drives bidirectional data bus. 

Address disable—A low on this line puts the 16 address line buf- 
fers into a high-impedance state. 

Data out disable—A low on this line puts the eight data line buf- 
fers into a high-impedance state. 

Phase 2 clock—The master timing signal for the bus. 

Phase 1 clock. 

Halt acknowledge — Processor command/control output signal 
which goes high in response to the hold signal. It indicates that 
the data and address buses will go to the high-impedance state 
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28 


46 


56* 


57* 


PWAIT 


PINTE 


AS 
A4 
A3 
Als 
Al2 
AY 
DO} 
DOO 
Al0 
DO4 
DOS 
DO6 
DI2 
DI3 
DI7 
SMI 


SOUT 


SINP 


SMEMR 
SHLTA 


CLOCK 
GND 
+8V 
—16V 
SSW DSB 


EXT CLR 


RTC 

GND 
STSTB 
DMAGR7 
Veo 

DIG! 
DMAGR6 


Definition 
and the processor (8080) will enter hold state after completion of 
current machine cycle. Note: ADD DSB and DO DSB must be 
pulled low to float the system bus. 
Wait—Command/ control signal out which, when high, acknowl- 
edges that processor is in wait state. 
Interrupt enable—Command/control signal out which ‘indicates 
condition of interrupt enable flip-flop. When set (high), interrupts 
are accepted. Flip-flop is set by enable interrupt (EI) instruction. 
It is reset by disable interrupt (Di) instruction, when an interrupt 
is accepted, and by reset signal. 
Address bit 5. 
Address bit 4, 
Address bit 3. 
Address bit 15. 
Address bit 12. 


‘Address bit 9. 


Data out bit 1. 

Data out bit 0. 

Address bit 10. 

Data out bit 4. 

Data out bit 5. 

Data out bit 6. 

Data in bit 2. 

Data in bit 3. 

Data in bit 7. 

SM1 status output signal which, when high, indicates that the cur- 
rent bus cycle is an op-code fetch. 

Status output signal which, when high, indicates that the address 
bus contains the address of an output device and the data bus will 
contain the output data when PWR is active. 

In—Status output signal which, when high, indicates that the ad- 
dress bus contains the address of an input device and the input 
data should be placed on the data bus when PDBIN is active. 
Memory read—Status output signal which, when high, indicates 
that the data bus will be used to read memory data. 

Halt acknowledge—Status output signal which, when high, ac- 
knowledges that a halt instruction has been executed. 

Phase 2 clock inverted. 

Signal and power ground. 

Same as pin 1. 

Negative unregulated voltage supply. 

Sense switch disable—A low disables the data input buffers so the 
input from the sense switches may be strobed onto the bidirec- 
tional data bus. 

External clear—A low clears i/o devices. Generated by front panel 
switch. 

Real time clock. 

Ground. 

Status strobe—A low indicates that status signals are on data bus. 
DMA grant 7. 

Standby . 

Data input gate J. 

DMA grant 6. 
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58* 


59* 


60* 


61* 


62* 


63* 


64* 


65* 


66* 


67* 


68 


FRDY 
DMAGRS5 
DMAGR4 
CW 
EXINHO 
INH 
Program 
Switch 
DMAGR3 
ABX 
MBS 
MONITOR 
Al7 
DMAGR2 
KRDY 
GND 
DMAGRI 
CK4 

Kb2 

Al8 
DMAGRO 
CK2 
KHOLD 


Al9 


DMA RCVD 


8/16 
PHANTOM 
NMI 
RFSHDSBL 
MDSBL 
BBSY + 
RFSH 
SCLK 

Al9 
MWRITE 


Definition 
Front panel ready—When low, it disables WRITE driver. 
DMA grant 5. 
DMA grant 4. 
Conditioned memory write. 
Memory disable (PGANTOM). 
Bank select 0. 
Shadow memory. 
To enable programmer. 


DMA grant 3. 

NOT alternate bank X (A16). 
Memory bank select. 
Bank select 1. 

Enable user’s monitor. 
Address line 17. 

DMA grant 2. 

KIMSI ready . 

Bank select 2. 
Ground. 

DMA grant 1. 

Phase 4 shift clock. 
KIMSI 2 clock. 

Bank select 3. 
Address line 18 

DMA grant 0 

Phase 2 shift clock. 
KIMSI hold. 

Bank select 4. 
Address line 19. 
DMA grant flag - 

Chip enable. 

Real time clock (60 Hz). 
Bank select. 


Memory request. 

Write enable. 

Bank select 6. 

Refresh. 

Load high address byte. 
Variable video clock. 
Bank select 7. 


Phantom disable—Used to disable RAM and i/o addressing. 
Nonmaskable interrupt. 

Refresh disable . 

Memory disable. 

Phantom . 

Refresh . 

Clock (video sample) . 

Address line 19. 

Memory write—A high indicates that the current data on the data 
out bus is to be written into the memory location currently on the 
address bus. 
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72 
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77 


78 
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98 


99 


100 


Al4 
All 


DO7 
DI4 
DI5 
Dié 
DiI 
DIO 
SINTA 


Swo 


SSTACK 


POC 


GND 


Definition 


Protect status—See pin 20. 

Protect—See pin 20. 

Run—A high indicates that the run/stop flip-flop is set to RUN on 
the front panel. 

Ready—See pin 3. 

Interrupt request—A low causes the processor to recognize an in- 
terrupt request at the end of the current instruction or while 
halted. If the CPU is in the hold state or if the interrupt enable 
flip-flop is reset, it will not honor the request. 

Hold—A low requests the processor to enter the hold state. It al- 
lows an external device to gain control of the address and data 
buses as soon as the current machine cycle is completed. 
Reset—A low causes the contents of the program counter to be 
cleared and the instruction register is set to 0. 

Sync—The command/control signal out which, when high, iden- 
tifies the beginning of a machine cycle. 

Write—The command/control signal out which, when low, signi- 
fies the presence of valid data on the data out bus for memory 
write or i/o output. 

Data bus in—The command/control signal out which, when high, 
requests data on the DI bus from the currently addressed memory 
or i/o. 

Address bit 0. 

Address bit 1. 

Address bit 2. 

Address bit 6. 

Address bit 7. 

Address bit 8. 

Address bit 13. 

Address bit 14. 

Address bit 11. 

Data out bit 2. 

Data out bit 3. 

Data out bit 7. 

Data in bit 4. 

Data in bit 5. 

Data in bit 6. 

Data in bit 1. 

Data in bit 0. 

Interrupt acknowledge—The status output signal which, when 
high, identifies the insfruction fetch cycle(s) that immediately fol- 
low an accepted interrupt request presented on PINT. 
Write/output—The status output signal identifying a bus cycle 
which, when low, transfers data from processor to memory or 
i/o port. 

Stack—Status output signal which indicates, when high, that the 
address bus holds the pushdown stack address from the stack 
pointer and that a stack operation will occur on the current cycle. 
Power on clear—Generated by PRESET or power on. Used to re- 
set CPU and i/o devices. 

Signal and power ground. 
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DISCUSSION 


As can be seen from the signal definitions, the S-100 bus pinout is 
generally defined except for those pins marked with an asterisk: pins 
12-17 and 55-67. In the signal definitions column, some of the known 
uses for these lines have been listed; some new ones, however, have 
probably been omitted. Some systems that are not 8080-based sys- 
tems do not generate all of the signals listed. If a board requires 
one or more of these missing signals, then a real problem exists 
which may require extensive modifications. 

To use the S-100 bus effectively, care must be taken in reading 
the specifications of all boards used or contemplated being used. 
All boards must have the proper lines on the proper pin or capabil- 
ity for jumpering to the proper pin. All signals required by any of 
these boards must be generated somewhere in the system. Informa- 
tion on systems and boards may be obtained from manufacturers, 
computer stores, computer clubs, and other hobbyists. 


CHAPTER 3 


The IEEE S-100 Bus 


This chapter discusses the proposed IEEE standard S-100 bus 
(IEE Task 696 1/D2). The proposal upgrades the bus to 16-bit 
operation with 24 address lines (16 megabytes). By configuring the 
hus for both 8- and 16-bit data transfers, system flexibility is in- 
creased by allowing both 8- and 16-bit masters and i/o devices. Sev- 
eral other lines have been added, some have been deleted, and some 
huve been clarified. Chapter 2 discusses the S-100 bus as it has ex- 
isted from its early days. 

The IEEE S-100 specifies a maximum bus transmission length of 
25 inches, a maximum of 22 devices (boards) on the bus, and a 
maximum data rate of 6 MHz. 

igs. 3-1 and 3-2 show a mainframe and 16-bit Z-8000 CPU board 
respectively, both configured to the IEEE S-100 bus. The proposed 
S 100 pinout designations are shown in Fig. 3-3. It should be noted 
that the active-low lines are designated by asterisks rather than bars 
over the names. This was done to avoid confusion with logical 
negation. 

There are three types of signals (M, S, and B) on the S-100 bus. 
Signals designated by (M) are those which a bus master must gen- 
erate. The bus master currently controlling the bus has the responsi- 
bility for faithfully generating all type M signals during the duration 
of its control. Signals designated (S) are those which bus slaves gen- 
crate. A slave need only generate that subset of type S signals nec- 
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Courtesy Intersystems 
Fig. 3-1. Intersystems S-100 mainframe. 


essary to communicate with bus masters able to address it. Signals 
designated by (B) are by default all those which are not type M or 
S. This is not to say that some bus master may not generate a type 
B signal. Rather, a type B signal is one that (a) not all bus masters 
are required to generate and (b) not any bus slave is required to 
generate. 


Courtesy Intersystems 
Fig. 3-2. Intersystems Z-8000 IEEE S-100 board. 


+8V 
—16V 
GND 
SLAVE CLR* 
DMA0* 
DMAI* 
DMA2* 
sXTRQ* 
Al9 
SIXTN* 
A20 
A21 
A22 

— -A23 
NDEF 
NDEF 
PHANTOM* 
MWRT 
RFU 
GND 
NDEF 
RDY 
INT* 
HOLD* 
RESET 


DO2Z/DATA2 
DO3/DATA3 
DO7/DATA7 
DI4/DATA12 
DIS/DATA13 
DI6G/DATA14 
DIL/DATA9 
DIO/DATA8 
SINTA 
sw0* 
ERROR* 
POC* 

GND 


+8V 
+16V 
XRDY 
vi0* 
vil* 
vi2* 
Vi3* 
vi4* 
Vi5* 
Vi6* 
vi7* 
NMI* 
PWRFAIL* 
DMA3* 
Al8 
Al6 
Al7 
SDSB* 
CDSB* 
GND 
RFU 
ADSB* 
DODSB* 


@ 

pSTVAL* 
pHLDA 
RFU 

RFU 

A5 

A4 

A3 

Al5 

Al2 

A9 
DOL/DATA1 
DOO/DATAO 
Al0 
DO4/DATA4 
DO5/DATA5 
DOG6/DATA6 
DIZ2/DATA10 
DI3/DATA11 
DI7IDATA15 
sM1 

sOUT 

sINP 
sMEMR 
sHLTA 
CLOCK 

GND 


Fig. 3-3. IEEE S-100 pinout designations. 
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14 


+8V (B) 
+ 16V (B) 
XRDY (S) 


Vio* (S) 


Vil* (S) 
VI2* (S) 
VI3* (S) 
Vi4* (S) 
VI5* (S) 
Viéd* (S) 
VI7* (S) 
NMI* (S) 


PWRFAIL*(B) 


DMA3* (M) 


A18 (M) 
Alé (M) 
Al7 (M) 
SDSB* (M) 


GND (B) 
NDEF 


ADSB* (M) 


DODSB* (M) 


S-100 BUS SIGNAL DEFINITIONS 


Definition 


+8 volts (B)}—Unregulated input to +5V regulators. 

+16 volts (B)—Positive unregulated voltage supply. 
Ready—The ready lines are used by bus slaves to synchro- 
nize bus masters to the response speed of the slave. Thus 
bus cycles are suspended and wait states inserted until both 
ready lines are asserted. The RDY line is the general ready 
line for bus slaves. It is specified as an open-collector line. 
The XRDY line is a special ready line commonly used by 
front-panel devices to stop and single-step bus masters. As it 
is not specified as open collector, it should not be used by 
other bus slaves. 

Vectored interrupt line 0O—Open collector. Highest priority. 
See discussion for further explanation of VI lines. 
Vectored interrupt line 1. Open collector. 

Vectored interrupt line 2. Open collector. 

Vectored interrupt line 3. Open collector. 

Vectored interrupt line 4. Open collector. 

Vectored interrupt line 5. Open collector. 

Vectored interrupt line 6. Open collector. 

Vectored interrupt line 7. Open collector. Lowest priority. 
Nonmaskable interrupt request—The nonmaskable interrupt 
line is not maskable by the bus master. It asserts an interrupt 
on the negative-going edge and need not assert an interrupt 
acknowledge. Open collector. 

Power fail—The power fail line indicating impending power 
failure. It is pulled low when loss of power is sensed and 
remains true until power is restored and POC* is true. It 
must be asserted at least 50 ms before local regulators drift 
out of specifications. It may be used with NMI* for orderly 
shutdown routine. 

Direct memory access 3—One of the four (DMAO*, DMAI1*, 
DMA2*, and DMA3*) lines used to establish priority among 
temporary bus masters when two or more are requesting the 
bus simultaneously. Open collector. 

Extended address bit 18. 

Extended address bit 16. 

Extended address bit 17. 

Status disable—Disables (tri-states) the eight status lines 
(sMEMR, sMI, sINP, sOUT, sWO*, sINTA, sHLTA, sXTRQ*) 
from the permanent bus master when asserted. Open col- 
lector. 

Ground line—Common to line 100. 

Not to be defined. Manufacturer must specify any use in 
detail. 

Address disable—Disables (tri-states) the 24 address lines 
(AQ—A23) from the permanent bus master when asserted. 
Open collector. 

Data out disable— Disables (iri-etates) the eight data out lines 
(DO0-DO7) from the permanent bus master when asserted. 
Open collector. It would also have to disable the other eight 
data lines for a 16bit permanent master. 


Pin No. 
24 


25 


26 


Signal 
¢ (B) 


pSTVAL* (M) 


pHLDA (M) 


RFU 

RFU 

A5 

A4 

A3 

Al5 

Al2 

Ag 

DOT (M)/ 
DATA (M/S) 
DOO (M)/ 
DATAO (M/S) 
A10 (M) 

DO4 (M)/ 
DATA4 (M/S) 
DOS5 (M)/ 
DATAS (M/S) 
DO6 (M)/ 
DATA6 (M/S) 
DI2 (M)/ 
DATA10 (M/S) 
DI3 (M)/ 
DATA11 (M/S) 
DI7 (M)/ 
DATA15 (M/S) 
sM1 (M) 


sOUT (M) 
sINP (M) 


sMEMR (M) 


sHLTA (M) 
CLOCK (B) 


GND (B) 
-+ 8V (B) 
— 16V (B) 
GND (B) 


SLAVE CLR* (B) 


Definition 
@ (B)—The master timing signal for the bus. Usually gener- 
ated on the permanent master board. 
Status valid strobe—Decoded in conjunction with pSYNC 
indicates that stable address and status may be sampled 
from the bus in the current cycle. 
Hold acknowledge—Signal that indicates to the highest- 
priority temporary master that the permanent master is re- 
linquishing control of the bus. The permanent master’s lines 
will be tri-stated during the next bus cycle. 
Reserved for future use. 
Reserved for future use. 
Address bit 5. 
Address bit 4. 
Address bit 3. 
Address bit 15. 
Address bit 12. 
Address bit 9. 
Data out bit 1/ Bidirectional data bit 1. 


Data out bit 0/ Bidirectional data bit 0. 


Address bit 10. 
Data out bit 4/Bidirectional data bit 4. 


Data out bit 5/ Bidirectional data bit 5. 
Data out bit 6/Bidirectional data bit 6. 
Data in bit 2/Bidirectional data bit 10. 
Data in bit 3/ Bidirectional data bit 11. 
Data in bit 7/ Bidirectional data bit 15. 


M1 cycle—The status signal which indicates that the current 
cycle is an op-code fetch. 

Output—The status signal identifying the data transfer bus 
cycle to an output device. 

Input—The status signal identifying the data transfer bus cy- 
cle from an input device. 

Memory read—The status signal identifying bus cycles which 
transfer data from memory to a bus master, which are not 
interrupt-acknowledge instruction-fetch cycle(s). 

Halt acknowledge—The status signal which acknowledges 
that a HLT instruction has been executed. 

Clock—2 MHz (0.5 percent) 40—60-percent duty cycle. Not re- 
quired to be synchronous with any other bus signal. 
Ground—The ground line common to pin 100. 

+8 volts (B)—Unregulated input to +5V regulators. 

— 16 volts (B}—Negative unregulated voltage supply. 
Ground—Ground line common to pin 100. 

Slave clear—Reset signal to reset bus slaves. Must be as- 


68 


69 
70 
71 
72 
73 


74 


DMAO* (M) 
DMA1* (M) 
DMA2* (M) 
sXTRQ* (M) 


A19 (M) 
SIXTN* (S) 


A20 (M) 

A21 (M) 

A22 (M) 

A23 (M) 

NDEF 

NDEF 

PHANTOM* (M/S) 


MWRT (B) 


RFU 
GND (B) 
RFU 
RDY (S) 
INT* (S) 


HOLD* (M) 


RESET* (B) 


pSYNC (M) 


pWR* (M) 
pDBIN (M) 


AO (M) 
Al (M) 
A2 (M) 
Aé (M) 
A7 (M) 
A8 (M) 
A13 (M) 
Al4 (M) 
All (M) 


serted with POC* and may also be generated externally. 
Open collector. 

Direct memory access O—See pin 14. 

Direct memory access 1—See pin 14. 

Direct memory access 2—See pin 14. 

Sixteen request—Status output of bus master which indicates 
a request for a 16-bit data transfer. 

Extended address bit 19. 

Sixteen acknowledge—A slave responds to sXTRQ* indicat- 
ing if true that the requested 16-bit data transfer is possible. 
Open collector. 

Extended address bit 20. 

Extended address bit 21. 

Extended address bit 22. 

Extended address bit 23. 

Not to be defined. See pin 21. 

Not to be defined. See pin 21. 

Phantom—Allows overlaying bus slaves at a common address 
location. When asserted phantom bus slaves are enabled and 
normal bus slaves are disabled. Primarily used for bootstrap- 
ping systems without front panels. Open collector. 
Memory write—Memory write strobe defined as (pWR) 
(—sOUT) a true pWR* logically ANDed with the logical 
negation of sOUT. 

Reserved for future use. 

Ground—Ground line common to pin 100. 

Reserved for future use. 

Ready—Ready line; see pin 3. Open collector. 
Interrupt—Used to request service from permanent bus mas- 
ter but can usually be masked by software operation. Often 
used in conjunction with the vectored interrupt lines to es- 
tablish priorities. 

Hold request line—Used by temporary bus masters to request 
control of the bus from the permanent master. May be 
masked by the permanent master. Open collector. 
Reset—The signal to reset bus master devices. Must be active 
with POC* and may be generated externally. Open collector. 
Sync—The control signal identifying BS,. Bus state 1 (BS;) 
is the initial bus state in a bus cycle. During this time the 
address and status lines are settling. 

Write—A generalized write strobe that writes data from the 
data bus into an addressed slave. 

Data bus in—A generalized read strobe that gates data from 
an addressed slave onto the data bus. 

Address bit 0. Least significant. 

Address bit 1. 

Address bit 2. 

Address bit 6. 

Address bit 7. 

Address bit 8. 

Address bit 13. 

Address bit 14. 

Address bit 11. 


Pin No. Signal Definition 


88 D02(M)/ Data out bit 2/Bidirectional data bit 2. 
DATA2 (M/S) 

89  DO03 (M)/ Data out bit 3/Bidirectional data bit 3. 
DATA3 (M/S) 

90  DO7 (M)/ Data out bit 7/Bidirectional data bit 7. 
DATA7 (M/S) 

91  »DiI4 (S)/ Data in bit 4/ Bidirectional data bit 12. 
DATA12 (M/S) 

92 DI5 (S)/ Data in bit 5/Bidirectional data bit 13. 
DATA13 (M/S) 

93 DI6 (S)/ Data in bit 6/Bidirectional data bit 14. 
DATA14 (M/S) 

94 Dil (S)/ Data in bit 1/Bidirectional data bit 9. 
DATA (M/S) 

95 DIO (S)/ Data in bit 0/ Bidirectional data bit 8. 
DATAS (M/S) 

96 = sINTA (M) Interrupt Acknowledge—The status signal identifying the bus 


input cycle(s) that may allow an accepted interrupt request 
on INT*. Some type of vector fetch would normally be done 


during sINTA. 

97 sWO* (M) Write output—The status signal identifying a bus cycle which 
transfers data from a bus master to a slave. 

98 ERROR* (S) Error—Generalized error line that is asserted when an error 


of some sort (for example, parity, write to protected mem- 
ory, inability to accommodate 8-bit slaves, etc.) is occurring 
in the current bus cycle. The ERROR* line should be imple- 
mented as a trap. All relevant information about the cycle 
should be latched on the falling edge of ERROR*. NMI* may 
be used to enter an error finding/correction routine. 


99 POC* (B) Power-on clear—Clears all bus devices at power-on. 
100 GND (B) Ground—System ground (power and signal). 
DISCUSSION 


Only the principal changes in the proposed S-100 from the previ- 
ous chapter are discussed. The other lines retain the same informa- 
tion as discussed in Chapter 2. 

All 100 lines are specified precisely except for the three NDEFs 
(21, 65, 66) and the four RFUs (27, 28, 69, 71). A bus user can 
specify the NDEFs as he or she wishes but the RFUs are reserved 
for future use and should not be used. 

There have been three ground lines added to make signal grounds 
more available on boards. These are lines 20, 53, and 70. 

The address bus has been expanded to 24 bits by adding A16-A23 
(lines 16, 17, 15, 29, 61, 62, 63, and 64 respectively). The old data-in 
and data-out lines have been specified so as to keep the same desig- 
nation for 8-bit data transfers, but they become a 16-bit directional 
bus for 16-bit transfers. 


The two new signals, sixteen request (sXTRQ*, line 58) and six- 
teen acknowledge (SIXTN*, line 60), allow a 16-bit bus master to 
transfer 8- or 16-bit data. Even with a 16-bit master, 8-bit data trans- 
fers would occur when doing 8-bit op-code fetches and 8-bit data 
transfers to/from memory and other slave devices. One type of op- 
eration would be a 16-bit data transfer. For this the master would 
assert sXTRQ* and the slave would assert SIXTN*, indicating that 
the transfer was possible. If an 8-bit slave was addressed, SIXTN* 
would not be asserted and the master would have to do the transfer 
in two bytes or, alternately, an ERROR®* signal could be generated. 

If memory, or other slaves, are organized in an 8/16-bit configu- 
ration, as two banks (high byte and low byte), then any byte or 
word transfer can be successfully accomplished using 8- or 16-bit 
masters. If a 16-bit master is used, for maximum use of memory, the 
master must be able to address any byte of memory and also address 
16-bit words on odd or even bytes. This is because operations may 
involve either a one- or two-byte op code and either one or two bytes 
of data. To simplify the logic circuitry some systems may use simple 
logic and only address 16-bit words on even bytes. On 16-bit opera- 
tions, only Al—-A23 are used. On 8-bit operations, Al-A23 address 
pier and AO selects either the high byte (AO=0) or the low byte 

A0=7). 

The proposed S-100 can accommodate one permanent bus master 
(possibly a dummy master) and up to 16 temporary bus masters. 
A dummy master is a device that conducts no bus cycles but only 
supplies an arbitration interval so that the DMA control bus may 
settle. The temporary masters have a priority established by the 
four direct memory access lines (DMA0*, DMAI1*, DMA2*, and 
DMA3* ). These lines are used only by the temporary bus masters. 
A temporary master desiring the bus will assert the HOLD* line to 
the permanent bus master and the proper DMA lines according to 
its priority. If the 4 bits of the DMA lines match the temporary mas- 
ter’s priority, then it receives control] of the bus. If the 4 bits of the 
DMaA lines do not match the temporary master’s priority, then some 
other master or masters are also requesting the bus. Each temporary 
master which does not match the highest-order bit DMA3* will re- 
lease its control of the remaining DMA lines and so on down through 
DMA2*, DMA1*, and DMAO* until only one of the sixteen possible 
codes remains. That device receives control of the bus after pHLDA 
is asserted by the permanent master. Then the other requesting tem- 
porary masters will release the HOLD* line. The temporary master 
must also assert the disable lines (ADSB*, SDSB*, DODSB*, and 
CDSB* ) to remove the permanent master from the bus. When the 
temporary master is finished it releases the HOLD® line, and the 
permanent bus master will output pHLDA false (low). This will 
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cause any requesting temporary bus masters to reassert HOLD®* and 
their priorities on the DMA lines. This continues until all DMA re- 
quests are satisfied. Temporary bus masters are not subject to DMA 
signals. This prevents nested DMA operations. 

The vectored interrupt system on the IEEE S-100 is designed to 
utilize an interrupt controller in the system. The controller would 
accept the eight vectored interrupt (VIO-VI7) signals, which could 
then be masked and rotated and an interrupt signal asserted on the 
INT* line to an interruptable master. VIO is designated as the highest 
priority, but the masking and/or rotation of the interrupt controller 
can alter that. When a master asserts interrupt acknowledge 
(sINTA ), the interrupt controller must put the proper vectoring in- 
formation on the data bus. The interrupt controller is not addressed; 
therefore, multiple interrupt controllers would have to be daisy 
chained. 

The external clear (EXT CLR, line 54) line has been redesignated 
SLAVE CLR?* and is used to reset all bus slaves. 

A nonmaskable interrupt (NMI*, line 12) has been added, as are 
also a line to indicate impending power failure (PWRFAIL*, line 
13) and a line (ERROR’%, line 98) to indicate when some sort of 
error is occurring. Situations creating an ERROR®* true might in- 
clude parity, 16-bit read/write to an 8-bit slave, write to protected 
memory, and so on. 

A pSTVAL*® line which indicates that the address and status lines 
are stable was added. Line 49 was changed from CLOCK,which was 
normally @2 inverted,to CLOCK, which is a 2-MHz signal not syn- 
chronized to any other bus signal. CLOCK is intended to be used 
by timers, counters, and the like. 

Among the signals which have been deleted by the proposed S-100 
are the 8080-derived PINTE, PWAIT, SSTACK, 01, and the status 
strobe STSTB used in 8080 systems. The three signals used to protect 
memory boards (UNPROT, PROT, and PS) have also been deleted. 
Other deleted signals are XRDY2, SS, RTC, and RUN. 

The proposed S-100 is designed to allow both 8- and 16-bit masters 
and slaves to operate in a system. It is expected that newly designed 
boards will plug into the bus and operate properly. But there are 
thousands of older boards “out there” that may require some modifi- 
cation for use with the new proposed standard. The not-to-be- 
defined lines give some flexibility to make changes in boards in order 
to meet the proposed S-100 standard. Note that it is possible that a 
system may have both 8- and 16-bit bus masters and slaves. 
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CHAPTER 4 


The Benton Harbor Bus 


The Benton Harbor bus was developed by Heath Company for 
use on their 8080-based H8 system (shown in Fig. 4-1). Heath Com- 
pany now offers the H8 system, which includes the H8 (chassis, 
power supply, motherboard, control board, and CPU board), the 
H8-1 (8K x 8 memory board with 4K of memory), the H8-2 (paral- 
lel interface board), the H8-3 (4K x 8 memory for the H8-1), and 
the H8-5 (serial i/o and cassette interface). Heath Company also 
offers the H10 papertape reader/punch and the H9 video terminal 
(both shown in Fig. 4-1), and the H8 floppy disk (shown in Fig. 
4-2). Heath Company plans to offer other boards and accessories. 
Other companies have offered boards for the Heath H-8 system. 


Courtesy Heath Co. 
Fig. 4-1. The H8 system with H9 video terminal and H10 pepertape reeder/ punch. 


The approximately 5%- by 14%-inch (13.9- by 36.5-cm) mother- 
board (Fig. 4-3) is mounted vertically and has slots (P1-P10) for 
ten other boards to be inserted at an unusual angle. Slot Pl is re- 
served for the H8 control board, P2 is reserved for the H8 CPU 
board, and slot P10 is reserved for an expansion connector. That 
leaves seven slots for expansion within the H8 mainframe. 


Courtesy Heath Co. 
Fig. 4-2. The H8 floppy disk system. 


A board for the Benton Harbor bus is approximately 6 by 12 inches 
(15.2 by 30.4 cm) with two 25-pin connectors on one end. The con- 
nectors slide onto the pins on the motherboard. See Figs. 4-4 and 4-5 
for typical boards. A bracket on the opposite end from the connectors 
supports the boards when they are inserted into the H§8 chassis. 


BENTON HARBOR BUS SIGNAL DEFINITIONS 


The Benton Harbor bus pinout designations are shown in Fig. 4-6. 


10-17. DO-D7 Data bus—tThe tri-state data bus provides bidirectional com- 
munication between the CPU, memory, and i/o devices for 
instructions and data transfers. DO is least significant bit. 
Negative true. 

23 MEMW Memory write—A high strobes data on the data bus to the 
currently addressed memory or memory-mapped i/o devices. 
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1. PIN SPACING 0.1 INCH. 
2. NOTE 0.2 GAP BETWEEN PINS 24 AND 25. 


9 1/2 INCHES 
(APPROXIMATELY) 


14 3/8 INCHES 


(APPROXIMATELY) 


Fig. 4-3. Diagram of the Benton Harbor bus motherboard used in the H8. 


Courtesy Heath Co. 
Fig. 4-4. H6-5 serial i/o and cassette interface board. 


Pin No. Signal Definitions 

21 1/ow i/o write—A high strobes data on the data bus to the output 
device currently addressed by the lower 8 bits of the ad- 
dress bus. 

28 MEMR Memory read—A high strobes data from the addressed mem- 


ory or memory-mapped i/o device onto the data bus and 
into the CPU. 

26 (JOR 1/0 read—A high ‘strobes data from the addressed i/o device 
onto the data bus and into the CPU. 


Fig. 45. H8 CPU board. 
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+18V 

ROM DISABLE 
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Fig. 4-6. Benton Harbor bus pinout designations. 


Pin No. 


30-45 


19 
20 


27 


25 


46 


8,9 


29 


47 
48, 49 


Signal 
A0-A15 
M1 
RDYIN* 


HOLD* 


HLDA* 


ROM DISABLE 


INT3—INT7 


INTI, INT2 


RESET 


$2 
GND 
CPU GND 


—18VvV 
+18 V 
+8V 


Definitions 


Address bus—Sixteen fully buffered lines that can select any 
one of 65,536 memory locations or 256 i/o ports. Negative 
true. AO is least significant bit. 

Machine cycle one—A high signifies that the machine cycle 
being executed is an instruction fetch. 

Ready in—A low causes the processor to enter a wait state 
until pulled high again. Used by slow memory. 

Hold—A low causes the CPU to enter a hold state at the end 
of the current machine cycle. The address and data buses 
will be tri-stated, allowing a DMA device to control these 
buses. 

Hold acknowledge--A high appears in response to the hold 
signal and indicates that the data and address buses will be 
tri-stated. 

When the X1, X2 jumper on the H8 CPU board is installed, 
a low on this signal disables the on-board ROM, allowing a 
test board or other ROM board to use the monitor address 
space. 

Interrupts—A low on any combination of these lines activates 
the interrupt request of the CPU. 

Not dedicated—The H8 CPU board has jumper pads available 
to jumper INT] and INT2 to these bus lines in order to share 
the front-panel interrupts, if desired. Otherwise, these lines 
may be used by the customer. With jumper installed, a low 
will activate an interrupt request of the CPU. 

Reset—Goes low in response to a manual reset or CPU power 
on. Used to put devices on bus in a known state for an or- 
derly start up. 

Phase 2 clock—This buffered inverted signal is used to syn- 
chronize system devices connected to the bus. 
Ground—Signal and power ground for bus. 

CPU ground—These lines are grounded on the H8 CPU board 
but can be floated for other use by removing one jumper. 
—18 V—Unregulated negative supply voltage. 

+18 V—Unregulated positive supply voltage. 

+8 V—Unregulated positive supply voltage. 


* Heath Company reserves the right to change these pin designations. 


DISCUSSION 


Heath Company in designing the Benton Harbor bus has stuck to 
the basics. Only the address bus, data bus, and generalized control 
lines are included. Specialized control lines are omitted so that the 
bus does not need to change with future alterations. A convenient 
design consideration on the bus is the positioning of the data bus, 
address bus, and interrupt lines so that the last digit of their respec- 
tive number coincides with the last digit of the bus line (for example, 
AG is on line 36). 


CHAPTER 5 


The TRS-80 Model I Bus 


The TRS-80 Model I, shown in Fig. 5-1, is Radio Shack’s very pop- 
ular microcomputer system. The keyboard enclosure, shown removed 
in Fig. 5-2, houses the CPU, RAM, executive and BASIC ROMs, 
the keyboard, video and cassette interfaces, and the power supply. 
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Courtesy Radio Shack Corp. 
Fig. 5-1. The TRS-80 Model | microcomputer system. 


Courtesy Radio Shack Corp. 
Fig. 5-2. The keyboard unit of the TRS-80 Model ! system. 


Floppy disk units and printers (not shown) are available to expand 
the system. 
Expansion of the Z-80 based system is accomplished via the 40-pin 
0.1-inch, or 0.25-cm, spacing) edge connector shown in the upper 
right-hand corner of Fig. 5-3. No positive indexing is provided. All 


Courtesy Radio Shack Corp. 


Fig. 5-3. The TRS-80 Medel | board. The expansion connector is shown in the 
upper right-hand edge of the board. 
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HEX ADDRESS AVAILABLE TO USER 


8000 
7FFF 


RAM-16K VERSIONS 


4000 
CRT 
3000 
AVAILABLE TO USER 
3881 
KEYBOARD 
3800 
AVAILABLE TO USER 
3790 
PRINTER 1/0 
3780 
377F 
3000 


OF FF 
BASIC 

1000 é 

oFFF | LeveL OPERATING LEVEL II 
SYSTEM 

0000 


Courtesy Radio Shack Corp. 
Fig. 5-4. Memory map for the TRS-80 Model I. 


lines, except as noted, are buffered. Use of dynamic RAM is simpli- 
fied by address multiplex signals that are brought to the connector. 
The memory space above hex 8000 is available for expansion. This 
is shown in the memory map given in Fig. 5-4. 

Because its bus is relatively straightforward, the TRS-80 Model I 
is easy to expand. TRS-80 Model I to S-100 interface boards are com- 
mercially available. The TRS-80 Model I bus pinout designations are 
shown in Fig. 5-5. 
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Fig. 5-5. Pinout designations for the TRS-80 Model | bus. 


TRS-80 MODEL I BUS SIGNAL DEFINITIONS 


Pin No. Signal 
18,20, DO-D7 

22, 24, 

26, 28, 

30, 32 


12,13, RD, WR, IN, OUT 


15, 19 


1,3, 16 RAS, CAS, MUX 


Definition 


Data bus—The bidirectional data bus carries data between 
the processor and peripherals. 


Read, write, input, output—The bus read, write, input, and 
output lines control the memory and i/o operations. They are 
derived from the read (RD), write (WR), memory request 
(MREQ), and i/o request (IORQ) outputs of the Z-80 as shown 
in Fig. 5-6. The processor’s read and write lines are active- 
low outputs used to determine the direction of flow on the 
data bus. The MREQ line is an active-low output used to indi- 
cate a memory-read or -write operation and the !ORQ line 
is an active-low output used to indicate an input or output 
operation. The bus RD line is the ORed combination of the 
processor's read and MREQ lines and goes low to indicate a 
memory-read operation. The bus WR line is the ORed com- 
bination of the processor’s write and MREQ lines and goes 
low to indicate a memory read. The bus IN line is an active- 
low output that indicates an input operation, derived by 
ORing the RD and TORG of the processor. The bus OUT line 
is an active-low output that indicates an output operation, 
derived by ORing the processor’s WR and IORQ. 

Row address select, column address select, address mulfti- 
plex—These lines are used in addressing industry standard 
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Courtesy Radio Shack Corp. 
Fig. 5-6. Diagram showing a Z-80-to-bus interface. 


Pin No. Signal 


2 SYSRES 


4-7, AO-Al5 
9-11, 
17, 25, 


Definition 


16-pin 4-kilobyte dynamic RAMs. Since only six address pins, 
AO-AS, are available on the RAM integrated circuit, the ad- 
dress must be fed to it in parts—multiplexed. 

Internally, the RAM consists of a 64-row by 64-column ar- 
ray of memory cells. Any cell can be located by specifying 
its row address and column address. Internal circuitry can 
latch the row address from AO-A5 on command, and then, 
on command, latch the column address from the same pins 
to form the complete address. External circuitry must accept 
the address from the processor’s address bus, split it into 
row and column halves and, then, feed it sequentially to 
the RAM’s address lines. A typical interface circuit is shown 
in Fig. 5-7. All buffers and the data bus circuitry have been 
omitted to simplify the sketch. Address lines AOQ-All feed 
the data multiplexers in pairs of row and column addresses 
(AO is paired with A6, etc.). Only one input of each pair is 
passed to the RAM at one time. The signal on the multiplex 
input determines which group of address inputs is selected. 

At the beginning of each read or write cycle, the MREQ 
is pulled low to indicate a valid address. The MREQ is also 
used as the RAM row-address select signal (RAS) for the 
RAM which latches the signals on AQ—-A5. These signals are 
from address bus lines AQ—AS. 

When data is stable on DO-D7, the RD or WR line of the 
Z-80 is pulled low. The RD and WR are inverted and ORed 
to feed the flip-flop chain. The clear and FF1 data inputs are 
controlled by the OR gate. When either the RD or WR goes 
low, the clears are pulled high (inactive) and a logical 1 is 
loaded into flip-flop FF1 on the next 10.6445-MHz clock 
pulse. The 10.6445-MHz clock is obtained from the master 
system clock which also feeds the Z-80 microprocessor. The 
second clock pulse transfers the logical 1 to flip-flop FF2, 
where it appears on output Q2. The Q2 signal is the multi- 
plex signal (MUX) that controls the data multiplexers. 

When the multiplex line goes high, the multiplexers 
change their outputs to reflect the A6—-Al1l inputs. The next 
clock pulse shifts the logical 1 to flip-flop FF3. Output Q3 
of FF3 is the RAM column-address select signal CAS, which 
causes the RAM to latch the A6-Al1 signals now appearing 
on its AQ-A5 inputs. The RAM now has the complete address 
of the desired memory cell. All of this must occur in a short 
period since the RAM must make available, or be able to 
accept, data from the bus while RD or WR is low. 

When RD or WR goes high, the flip-flop clear lines are 
pulled low clearing them and resetting the multiplexers to 
reflect the Z-80 AO-AS5 lines. 

System reset—The system reset line is the output of an inter- 
nal reset circuit. It is pulled low during power-up or when 
the RESET button is pushed and it can be used to reset pe- 
ripherals. 

Address bus—The address bus lines output the location of 
the byte desired by the processor. 
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27, 31, 
34-36, 
38, 40 
21 


14 


33 


23 


39 


8, 29, 
37 


INT 


INTAK 


WAIT 


TEST 


+5 V, GND 


GND 


Interrupt request—The interrupt request input feeds INT of 
the Z-80. When pulled low, the processor finishes the current 
instruction and examines the “I” flip-flop. If it is set, the pro- 
cessor pushes the program counter on the stack, resets the 
“I” flip-flop and begins the interrupt service routine. The 
processor’s response to an interrupt is software selectable to 
one of three modes. 

In mode 0 the processor pulls INTAK low and expects the 
interrupting peripheral to place the instruction to be exe- 
cuted next on the data bus. In mode 1 the processor loads 
the program counter with hex 0066 and begins execution. 
In mode 2 the processor loads the program counter with the 
contents of two contiguous locations which are pointed to 
by the combination of the | register contents and an address 
supplied on the data bus by the interrupting device. In 
modes 1 and 2 the user must, obviously, have the service 
routine at the proper locations. 

If the “I” flip-flop is reset when an interrupt request oc- 
curs, the processor will ignore the request until the flip-flop 
is set. 

Interrupt acknowledge—The interrupt acknowledge line is a 
derived output that is pulled low at the beginning of an in- 
terrupt service routine. It indicates in modes 0 and 2 that 
the device requesting service should place a byte on the 
data bus. It is derived by ORing the processor IORQ and 
M1 output lines, which go low simultaneously to indicate 
an interrupt service is beginning. 

Wait—The wait line is an active-low input that allows the 
processor to work with slow memory. It is sampled each 
time an address is put on the bus and, if pulled low by 
memory or a peripheral, the processor executes wait cycles 
until it is pulled high. Wait cycles delay the execution of an 
instruction, giving the memory or peripherals the extra time 
they need to access the desired data. 

Test—The test line is an active-low input used by peripherals 
to gain control of the external buses. It affects the processor 
bus request BUSRQ input and all on-board buffers are also 
floated, effectively disconnecting the TRS-80 from external 
devices and allowing DMA-type operations. 

This power line is a 5-Vdc output on level | computers and 
a system ground on level I! computers. 

Ground—The ground line is a common return for all system 
power supplies and signals. 
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CHAPTER 6 


The TRS-80 Model III Bus 


The overwhelming popularity of the original TRS-80 Model I 
microcomputer led Radio Shack to introduce the TRS-80 Model III, 
which is shown in Fig. 6-1. The Model III is Z-80 based and is soft- 
ware compatible with the Model I. The Model III includes an all- 
in-one case which houses the keyboard, processor, video monitor, ex- 
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Courtesy Radio Shack Corp. 
Fig. 6-1. The TRS-80 Model [11 microcomputer. 


pansion interface circuitry, and two 5%-inch (13.3-cm) disk drives. 
Memory expansion of the Model III is performed inside its case 
using dedicated connectors. 

User-specific i/o is possible through a 50-pin edge connector lo- 
cated on the back of the case. Only those processor signals needed 
for i/o are present on the connector. The pinout of the Model III 
i/o bus is given in Fig. 6-2. 


Fig. 6-2. The TRS-80 Model 111 i/o bus pinout. 


The address, data and control lines, except IOBUSINT, are fed 
through tri-statable buffers. The enable lines of these buffers are 
connected to bit 4 of output port EC, which is located on the Model 
III board. Bit 4 in port EC is called ENEXTIO and is configured as 
an output line by the operating system when the system is reset. The 
condition of ENEXTIO is software controllable and can be set (1) 
or reset (0) using the load or poke instructions. When a one (1) is 
stored in ENEXTIO the data, address, and control lines on the i/o 
bus are enabled. When a zero (0) is stored in ENEXTIO the data, 
address, and control lines on the i/o bus are disabled. The user must 
set ENEXTIO before i/o operations can be performed through the 
i/o bus. 
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TRS-80 

Pin No. Signal 
1,2,5, XDBO—-XDB7 
7,9, 11, 

13, 15 
33 XIN 
43 EXTIOSEL 
35 XOUT 

49 XIORQ 

47 XM1 

17,19, XAQ—-XA7 
21, 23, 25, 

27, 29, 

31 

37 XRESET 

39 lOBUSINT 


MODEL Ill BUS SIGNAL DEFINITIONS 
Definition 


Data bus—The data bus lines are buffered bidirectional fines that 
carry data between the processor and peripherals. 


Input—The input line is a buffered, active-low system output 
that indicates the processor is performing an input operation 
and requests that the device addressed place data on the data 
bus. This line is gated with the XIORQ. The addressed device 
must assert EXTIOSEL. 

External i/o select—The EXTIOSEL is an active-low input to the 
bid'rectional data bus buffers. The device addressed by the pro- 
cessor during an input operation must pull EXTIOSEL low to 
switch the data bus buffers to the input state and allow the 
processor to read the external data bus lines. If the EXTIOSEL 
is not pulled low during an input operation, the data bus lines 
remain outputs and valid data is not read by the processor. An 
input device can easily generate EXTIOSEL by NANDing the IN 
and port address lines. 

Output—The output line is a buffered, active-low system output 
that indicates the processor is performing an output operation 
and the addressed device should be ready to latch data from 
the data bus. The XOUT is gated with the XIORQ. 

Input/output request—The XIORQ is a buffered, active-low pro- 
cessor output that indicates the processor is performing an input 
or output operation and address lines AO-A7 hold a valid i/o 
port address. 

M1—The M1 is a buffered, active-low processor output that indi- 
cates the processor is performing an op-code fetch cycle during 
execution of an instruction. 

Address lines 0-7—The address lines are buffered, active-low 
processor outputs used to indicate which port is to be used by 
the processor in the current i/o operation. The address lines in- 
dicate a port address an and i/o operation when IORQ is low. 
Only ports 80-FF are reserved for system use; all others are 
available to the user. 

Reset—The reset is a buffered, active-low system output that is 
pulled low during a processor reset. 

I/o bus interrupt request—The_ IOBUSINT is a buffered, active- 
low input to the processor’s INT input. The Model II! supports 
mode 1 interrupts. The user must store the starting address vec- 
tor of the interrupt service routine at 403E and 403F before the 
interrupt request occurs. The starting address is usually stored 
during system initialization. The IOBUSINT is enabled by bit 3, 
called ENIOBUSINT, an output line in output port EO. When bit 
3 of output port EO is high (1) the IOBUSINT is enabled and the 
processor may recognize an interrupt request from a device 
connected to the [OBUS. When bit 3 of OUTPUT EO is low (0) 
the IOBUSINT is disabled and an interrupt request will nof be 
recognized by the processor. The status of IOBUSINT can be 
read any time by examining bit 3 in input port EO. If bit 3 in 
input port EO is low (0) IOBUSINT has been pulled low by an 
external device requesting service. 


Pin No. 
4l 


Signal 
\OBUSWAIT 


Definition 

1/o bus wait—The i/o bus wait is a buffered, active-low proces- 
sor input to the Z-80’s wait line. When the wait line is pulled 
low during an input or output operation, by a slow peripheral, 
the processor inserts wait states, giving the peripheral extra 
time to place data on or latch data from the data bus. Care 
must be exercised in using the IOBUSWAIT because the Model 
11} uses dynamic memory devices which depend on the proces- 
sor for refresh signals. Holding the IOBUSWAIT low for longer 
than 500 sss may endanger the data stored in RAM. 


CHAPTER 7 


The TRS-80 Model Il Bus 


Radio Shack expanded its line of computers with the introduction 
of its business system, the TRS-80 Model II, shown in Fig. 7-1. The 
Model II is Z-80 based, includes one 8-inch (20.3-cm) %-megabyte 
disk drive, 32K or 64K of RAM, two serial ports, and one parallel 
printer port. 
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Courtesy Radio Shack Corp. 
Fig. 7-1. The TRS-80 Model Il microcomputer. 


GND GND 
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INTRO NMIRQ 
IEIN |EOUT 
BAKIN BAKOUT 
BUSRO SYNC 
RD _WR 
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A00 AOI 
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R04 AOS 
R06 ROT 
A08 A09 
ALO ALL 
Al2 13 
Al4 Al5 
RES DISRO 
XFERRQ KBIROQ 
SELECT CLOCK 
REFRSH 8MHz 
RTC WAIT 
GND GND 
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DAT2 DAT3 
DATA DATS 
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RES RES 
RES RES 
RESET HALT 
GND GND 
+5V +5V 
GND GND 
—12V —12V 
+12V +12V 
GND GND 


Fig. 7-2. The TRS-80 Model II bus pinout. 


The Model II features an internal motherboard with four empty 
slots. The motherboard accepts 80-pin double-edge printed-circuit 
cards. The pinout of the Model IT bus is shown in Fig. 7-2. 


TRS-80 MODEL II SIGNAL DEFINITIONS 


51-58 DO-D7 Data bus—The data bus is the inverted, buffered, bidirectional data 
lines from the Z-80 which carry data and instructions between the 
processor and peripherals. 
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Pin No. 
19 


20 


22 


23-38 


18 


48 


67 


12 


W 


13, 14 


tocyc 


RESET 


NMIRQ 


INTRQ 


IEIN, (EOUT 


Definition 


Read—The read line is the buffered, active-low Z-80 read line 
that is used by the Z-80 to indicate it is receiving information 
on the data bus from the address specified on the address lines. 
Write—The write line is the active-low, buffered Z-80 write line 
used by the Z-80 to indicate that it is transferring information on 
the data bus to the address specified on the address lines. 
Memory cycle—The memory cycle line is the active-low, buffered 
Z-80 memory request (MREQ) line that is used by the Z-80 to 
indicate that a memory read or write operation will occur and 
that the address specified on the address lines is a memory 
mapped location. 

t/o cycle—The i/o cycle line is the active-low, buffered Z-80 i/o 
request (IORQ) line that is used by the Z-80 to indicate that an 
i/o operation will occur and that address lines AO—A7 specify 
an i/o port address. 

Address bus—The address bus is the inverted, buffered Z-80 ad- 
dress lines that are used by the Z-80 to specify memory or i/o 
addresses used in processor operations. 

Sync—The sync is the active-low, buffered Z-80 M1 line used by 
the Z-80 to indicate that the current machine cycle is an op-code 
fetch. 

Wait—The wait line is the active-low, buffered Z-80 wait input 
line that can be used by peripherals to slow the Z-80. When a 
peripheral that cannot respond to a request from the Z-80 pulls 
the wait line low the processor temporarily suspends execution 
by inserting wait states. When the peripheral can respond it 
pulls the wait line high and execution continues. 

Reset—The reset line is the active-low output of a reset gener- 
ator circuit that is used to reset peripherals when the processor 
is reset manually or on power-up. 

Nonmaskable interrupt request—The NMIRQ is the active-low, 
buffered input to the processor’s nonmaskable interrupt request 
input line. When the NMIRQ line is pulled low by a peripheral 
the processor halts, saves the program counter on the stack, 
then sets the program counter to 0066 and executes a restart 
instruction. 

Maskable interrupt request—The INTRQ is the buffered, active- 
low input to the processor interrupt request input line. When the 
INTRQ line is pulled low by a peripheral the processor responds 
in one of three modes. (See TRS-80 Model | INT definition for 
explanation of modes.) 

Interrupt enable input and interrupt enable output—The IEIN 
and IEOUT lines are used to form an interrupt priority daisy 
chain. The peripheral board that is physically closest to the pro- 
cessor, board 0, has its IEIN line tied high. Its IEOUT line is con- 
nected to the IEIN line on the next board, board 1. That board’s 
1EOUT line is connected to the IEIN line of board 2, and so on. 
The i/o boards must contain circuitry to evaluate the status of 
IEIN and set IEOUT. If IEIN is high, the on board interrupt can 
be enabled, or if the board has not requested interrupt service 
then it sets IEOUT high, enabling the next lower priority: inter- 
rupt. If IEIN is low, a higher priority board is also requesting 
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4) 


15, 16 


42 


68 


45 


BUSRQ 


XFERRQ 


BAKIN 
BAKOUT 


KBIRQ 
SELECT 


DISRO 


HALT 


REFRESH 


CLOCK 
8 MHz 
RTC 


USRO, USRI 


RES 


+5V 


+12V 


—12V 
GND 


Definition 


interrupt service so the on-board interrupt cannot be enabled 
and its IEOUT line must be held low. 

Bus request—The bus request is the active-low, buffered Z-80 
bus request input used by peripherals to gain control of the 
buses. When pulled low by a peripheral, the processor suspends 
execution and then floats the buses and pulls the bus acknowl- 
edge line low. An external device may then use the buses for 
DMA or other operations. 

DMA transfer request input—The XFERRQ is the ready input line 
on the Z-80 DMA device. When an external device pulls the 
XFERRQ line low the DMA device initiates a DMA sequence of 
operations. 

Bus acknowledge input and bus acknowledge output—The 
BAKIN and BAKOUT are active-low lines that form a DMA pri- 
ority daisy chain structure like that formed by the IEIN and 
IEOUT lines. The board physically closest to the processor, 0, 
has its BAKIN fed by the processor’s bus acknowledge line. The 
BAKOUT line on board 0 feeds the BAKIN line on board 1, etc. 
Each board must be able to interpret the BAKIN and set the 
condition of BAKOUT. 

Keyboard interrupt request—The KBIRQ is an active-low input 
to the Z-80 CTC device. 

Select—The SELECT is an active-low output used by the proces- 
sor to enable and disable memory boards in future applications. 
Disable RAM output—The DISRO is an active-low input to mem- 
ory management circuitry used by the system to allow memory 
overlays in future applications. 

Halt—The halt is a buffered, active-low processor output that is 
pulled low by the processor to indicate that it has executed a 
halt instruction and is waiting for an interrupt. 

Refresh—The refresh line is a buffered, active-low processor out- 
put used to refresh dynamic memories. (See the discussion of the 
refresh line on the TRS-80 Model 1.) 

Clock—The clock is the buffered 4-MHz system clock. 

8 MHz—The 8 MHz is a buffered 8-MHz clock output. 

Real-time clock heartbeat—The RTC is a buffered 60-hertz clock 
signal that can be used in timing applications. 

User definable lines—USRO and USR1 are not specified and may 
be defined by the user for special applications. 
Reserved—These reserved lines are reserved for future use by 
Radio Shack. 

+5 volts—The +5-V lines are +5-volt dc regulated voltage 
outputs. 

+12 volts—The +12-V lines are +12-volt dc regulated outputs. 


—12 volts—The —12-V lines are — 12-volt de regulated outputs. 
Ground—The GND lines are system ground lines. 
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CHAPTER 8 


The TRS-80 Color Computer 


Radio Shack’s TRS-80 Color Computer is the first of the new gen- 
eration of high-performance, low-cost, personal microcomputers. The 
TRS-80 Color Computer, shown in Fig. 8-1, includes an alphanumeric 
keyboard, color video generator, BASIC in ROM, instant program- 
mability through a ROM cartridge slot, a cassette interface, and an 
RS-232 serial interface. 

The cartridge slot accepts ROM-based plug-in cartridges that con- 
tain prepackaged user programs. The bus lines brought to the car- 
tridge connector, a double-side edge card connector, also allow 
memory and i/o expansion. The pinout of the cartridge connector is 
shown in Fig. 8-2. Unlike the Z-80-based TRS-80 Models I, I, and 
III, the TRS-80 Color Computer is based on Motorola’s 6809 micro- 
processor, and signals on the bus are 6809 derived. 


TRS-80 COLOR COMPUTER SIGNAL DEFINITIONS 


Pin No. Signal Definition 


10-17. DO-D7 Data bus—The data bus is the buffered, bidirectional 6809 data lines. 
The data bus carries instructions and data to and from the 6809. 

18 R/W Read/write—The read/write line is the buffered 6809 R/W line that 
is used by the 6809 to control direction of data flow on the data bus. 
When the R/W is high the 6809 is reading data from a peripheral or 
memory; when the R/W is low the 6809 is writing data to a periph- 
eral or memory. 

6 E Enable—The enable is the 0.89-MHz buffered 6809 system @2 clock 
line. The enable is used by memory and peripherals to latch data 

= from or place data on the data bus. 

7 Q Quadrature—The quadrature is the buffered 6809 Q clock line. The Q 
signal leads the enable signal by 90° and indicates that address and 
data placed on the bus by the processor are stable. 


19-31, 
37-39 


8 


Signal 
A0O-Al15 


CART 


Definition 


Address bus—The address bus is the buffered 6809 AQ-A15 lines. 
The address lines are processor outputs used by the 6809 to select the 
memory or i/o location needed in the current operation. 
Cartridge—The cartridge line is normally used by the system to see if 
a cartridge has been inserted. CART is an active-low input to a pe- 
ripheral interface adapter interrupt input, which feeds the 6809's fast 
interrupt request (FIRQ) input line. When a ROM cartridge is inserted 
into the cartridge connector, circuitry in the cartridge shorts the pro- 
cessor’s Q output to the CART line. During the next 6809 clock cycle 
the falling edge of the Q signal pulls the FIRQ low, through a PIA 
interrupt line. The processor responds to the FIRQ by pushing only 
the program counter and condition code register onto the stack, mask- 
ing further FIRQ requests, and jumping to location C000 to begin the 
interrupt service routine. When a program cartridge has been inserted, 
the service routine is the program located in the cartridge ROMs. The 
CART can be used as general FIRQ input that has a service routine 
located at COOO. 
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Courtesy Radio Shack Corp. 
Fig. 8-1. The TRS-80 Color Computer. 
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Pin No. 
3 


36 


40 


35 


62 


Fig. 8-2. Pinout designations for the TRS-80 Color Computer bus. 


Signal 
CTS 


SCS 


RESET 


NMI 


HALT 


SLEND 


SND 


Cartridge select—The cartridge select is a buffered, active-low system 
output that is used to enable memory or i/o devices located between 
C000 and FFOO. The CTS is generated after a cartridge has been in- 
serted and the CART sent to the processor which then asserts CTS and 
enables the cartridge ROMs. It is also asserted when any device in 
the COO0—FFOO block is addressed during program execution. 

Spare chip select—The spare chip select is a buffered, active-low sys- 
tem output that is used to enable memory or i/o devices located be- 
tween FFOO and FF4O. 

Reset—The reset is the buffered, active-low output from the system 
reset generation circuitry. The RESET is used to i itialize the system 
upon power-up and at the operator’s request. 

Nonmaskable interrupt—The nonmaskable interrupt is an active-low in- 
put to the 6809’s NMI line. When pulled low by a peripheral, the 
NMI forces the processor to cease execution at the end of the current 
program, push the register contents onto the stack, mask FIRQ and 
IRQ requests, and begin execution of the service routine. 
Halt—The halt line is an active-low input to the 6809’s HALT line. 
When a peripheral pulls the HALT low the processor ceases execution 
at the end of the current operation and floats the data, address, and 
control bus lines. The peripheral may then use the buses for DMA 
or multiprocessor operations. 

Select enable—The select enable is an active-low system input used by 
external devices, e.g., cartridges, to disable internal Color Computer 
device selection circuitry. When an external device pulls the select 
enable low it can access any device on the bus located inside the 
Color Computer. 

Sound—The sound line is an input to the mixer in the video generator 
and allows sound input from cartridges or other devices operating in 
the cartridge slot. 


Pin No. 
9 


33, 34 


Signal 
+5V 


+12V 
—12V 


GND 


+5 volts—The +5-V line supplies up to 300 mA of regulated +5 


volts dc. 
+12 volts—The +12-V line supplies up to 300 mA of regulated +12 


volts dc. 
—12 volts—The —12-V line supplies up to 100 mA of regulated —12 


volts dc. 
Ground—The ground li _is the system signal and power ground. 


CHAPTER 9 


The SS-50/C Bus 


The SS-50 bus was introduced in 1975 by Southwest Technical 
Products Corporation (SWTPC) for their SWTPC 6800 microcom- 
puter system. Figs. 9-1 and 9-2 show the system. Since then, use of 
the SS-50 has grown so that, today, at least a dozen manufacturers 
produce components for it that range from disk controllers to digital 
video boards. All manufacturers of the SS-50 conform to the original 
bus.definitions laid down by Southwest Technical Products Corpora- 
tion. The compatibility problems that plague the S-100 bus do not 
exist for the SS-50 bus. 
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Courtesy Southwest Technical Products Corp. 
Fig. 9-1. The SWTPC 6800 microcomputer. 


Since it was based on the SWTPC 6800 microcomputer system, 
the SS-50 bus easily supports the 6800 and 6502 processors. Unlike 
the 8080, these processors do not multiplex control signals on the 
data bus. All control signals are derived on the processor. Parallel 
and serial i/o ports and memory are all treated alike by the CPU. 
Each is addressable and must respond to a simple R/W line and the 
address bus. 
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Courtesy Southwest Technical Products Corp. 


Fig. 9-2. A complete $S-50 system. 


Most of the signals on the SS-50 bus come directly from the 6800 
processor. The SS-50 data bus is bidirectional; it is not split into 
data-in and data-out lines. 

The SWTPC motherboard, shown in Fig. 9-3, accepts two differ- 


ent size boards—an SS-50 board (shown in Fig. 9-4) and a periph- 
eral board called the SS-30 (shown in Fig. 9-5). The SS-30 board 
uses a subset of SS-50 signals. Each board will be discussed in turn. 


SS-50 SIGNAL DEFINITIONS 


The SS-50 boards are 9 by 5% inches (22.8 by 13.9 cm) in size. 
They plug into the motherboard through 50-pin Molex connectors 
as shown in Figs. 9-3 and 9-4. The pins are numbered from right to 


Courtesy Southwest Technical Products Corp. 
Fig. 9-3. The SWIPC 6809 motherboard. 


Courtesy The Micro Works 
Fig. 9-4. An SS-50 PROM board. 


Courtesy The Micro Works 
Fig. 9-5. An SS-30 EPROM programmer board. 


Icft. Positive indexing is provided by plugging pin 33 on all boards. 
The SS-50 pinout designations are listed in Fig. 9-6. 


Pin No. 
1-8 


4) 


9-24 


40 


34 


42 


35 


Signal 
DO-D7 


R/W 


A0-A15 


VMA 


M RESET 


RESET 


NMI 


Definition 


Data bus—The SS-50 data bus is the complement of the 6800 data 
bus lines DO—D7. These lines are bidirectional and carry informa- 
tion between the processor and all peripherals. 

Read/write—The read/write line of the processor, connecting the 
processor and peripherals, determines the direction of data flow 
on data bus Jines DO-D7. When it is high, data flows into the 
processor in a read operation. When it is low, data flows out of 
the processor in a write operation. 

‘Address lines—The address bus lines of the processor connect the 
processor and peripherals, thereby providing the desired address. 
Valid memory address—This valid memory-address line is the com- 
plemented 6800 VMA line. It goes low when a valid address has 
been placed on the address bus. It is often used to enable periph- 
erals. 

Manual reset—The manual reset line is the input to a one-shot mul- 
tivibrator. When pulled low by pressing the reset button, the one- 
shot develops a pulse on the reset line which resets the system. 
Reset—The reset line is the output of the one-shot triggered either 
by the M RESET or automatically on system power up. It is con- 
nected to the reset input of the processor, and to other resettable 
peripherals. The processor responds to this line by loading the 
program counter with the contents of the reset vector and be- 
ginning execution. 

Nonmaskable interrupt—The nonmaskable interrupt is an active- 
low line connected to the processor’s NMI input. The processor 
responds to this line by halting execution of the current program, 
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HEX LOCATION 


801F 
801C 

PERIPHERAL BOARD No.6 
8018 

PERIPHERAL BOARD No.5 
8014 

PERIPHERAL BOARD No.4 
8010 

PERIPHERAL BOARD No.3 
800C 
8008 
8004 

PERIPHERAL BOARD No.0 
g000 


Courtesy Southwest Technical Products Corp. 
Fig. 9-7. Memory locations of the $S-30 interface boards. 


a board select signal (using a 1-of-8 decoder) when the base ad- 
dress assigned a board is put on the address bus. Since the SWTPC 
motherboard can accommodate eight peripheral boards, there are 
eight board select lines. The board select signal is fed only to the 
proper board, which must then respond to the register select lines, 
RSO and RS1. The RSO and RS1 lines are connected to all peripheral 
boards and represent address bus lines AO and Al. Using the RSO 
and RSI lines, a board can determine which of its four locations is 
being addressed. One of the peripheral boards is usually dedicated 
to serial communications with an external terminal. SS-30 boards 
are 5 by 4 inches (12.7 by 10.1 cm) and plug into the motherboard 
through 30-pin connectors as shown in Figs. 9-3 and 9-5. Positive 
indexing is provided by plugging pin 7. 


S$S-30 SIGNAL DEFINITIONS 
The SS-30 pinout designations are listed in Fig. 9-8. 


Pin No. Signal Definition 


1,2 UD3, UD4 User defined 3 and 4—These lines are common to all the SS-30 
boards but not assigned functions. They are available to the 
user to allow special individualized functions. They are not 
connected to UD? and UD2 on the SS-50. 
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Fig. 9-8. The $S-30 pinout designations. 


—12V, +12V 
GND 
INDEX 


NMI, IRQ 


RSO, RS} 


DO—D7 


2 

R/W 

+8V 

1200b, 600b, 
300b, 150b, 
110b 


Definition 


12 volts—The +12-V supply from the SS-50. 

Ground—The ground line from the SS-50. 

Index—The index line is physically plugged to prevent incor- 
rect insertion of a peripheral board. 

Nonmaskable interrupt and interrupt request—These are the 
nonmaskable interrupt and interrupt request lines from the 
SS-50. 

Register select—Register select lines 1 and 2 are connected to 
SS-50 address bus lines AO and Al, respectively. They are used 
by a peripheral board (when signalled by its board select line) 
to determine which of its four addresses is being accessed. 
Data lines—Data lines DO-D7 are inverted DO—D7 lines from 
the SS-50. —_ 

2—The 2 line is the inverted $2 line from the SS-50. 
Read/write—This is the read/write line from the SS-50. 

+8 volts—This is the +8-V unregulated supply from the SS-50. 
Serial clock—These are the serial clock lines from the SS-50. 


l 
2 
3 
4 
5 
6 
7 
8 


BOARD SELECT 
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29 
30 


Signal 
RESET 


BOARD SELECT 


Definition 


Reset—This is the reset line from the SS-50. 

Board select—There are eight board select lines, one to each 
peripheral board. The select lines are active low. Thus the 
board line selected is low while the others are held high. 
Only one board can be selected at a time. The board select 
lines are decoded from the SS-50 address bus. The address of 
each board follows: 


Board and Lowest 
Line Number Hex Address 
SEL 0 8000 
SEL 1 8004 
SEL 2 8008 
SEL 3 800C 
SEL 4 8010 
SEL 5 8014 
SEL 6 8018 
SEL 7 801C 


$S-50C SIGNAL DEFINITIONS 


Implementation of Motorola’s 6809 microprocessor on the SS-50 
required redefinition of several lines. Most of the changes resulted 
from differences in control lines between the 6800 and the 6809. The 
redefined bus is known as the SS-50C. The SS-50C pinout designa- 
tions are listed in Fig. 9-9. Only those lines that have been redefined 
are specified in the following information. 


Pin No. 
39 


38 


34 


37 


46 


Ol 


MRDY 


FIRQ 


BUSRQ 


Definition 


Enable—The enable line is the buffered, active-low processor out- 
put that is the system clock, formerly $2. Like the 2 line on the 
6800, the enable line is used by memory and peripherals to latch 
data from or place data on the data lines. 

Quadrature—The Q line is the buffered, active-low ‘processor out- 
put that leads the enable signal by 90° and signifies that ad- 
dresses and data, placed on lines by the processor, are stable. 
Memory ready—The memory ready is the buffered, active-low 
processor input used by peripherals and memory to slow the 
processor. Pulling this line low causes the processor to stretch 
the enable output to a maximum of 10 ps, allowing slow mem- 
ory extra time to place data on or latch data from the data lines. 
Fast interrupt request—The FIRQ is the buffered, active-low fast 
IRQ input to the processor. The FIRQ is maskable; the flag in the 
CCR holds the mask condition. The processor responds to a fast 
IRQ by pushing only the program counter and condition code 
register (CCR) _onto the stack, clearing the E bit in the CCR, 
fetching the FIRQ vector and beginning the .service routine. 
The E bit is used by an RTI instruction to determine how many 
registers are to be pulled from the stack. Processor response 
to an FIRQ is fast because only the PC and CCR, not the entire 
register set, are saved. 

Bus request—The BUSRQ is the buffered, active-low BREQ input. 
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Fig. 9-9. The S$S-S0C pinout designations. 
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44 


74 


BUSY 


Al6é-Al9 
or 
$0-S3 
—16V, +16V 


l 
2 
3 
4 
5 
6 
7 
8 
9 
10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 


WW BO BR BS RO AO RO AO Do RO 
OS O oo ~3 OD OM & OO AS = 


Definition 


When pulled low by a peripheral the processor responds by 
floating the address, R/W, and data lines for memory refresh 
or DMA operations. The processor pulls the BA high to signify 
that the lines have been floated. 

Bus status—The BS is the buffered, active-high bus status proces- 
sor output. The processor pulls the BS high to indicate that a 
halt, bus grant, or interrupt service is in progress. When the BS 
is high and the BA is low the processor is acknowledging an 
interrupt request. When the BS is high and the BA is high the 
processor is acknowledging a halt or bus grant. 

Busy—The busy is an active-low processor output that is pulled 
low during read/modify/write operations to deny other masters 
access to the bus. 

Address lines 16-19—The SO-S2 lines are extended address lines 
that may be implemented on the bus. 


— 16 volts, +16 volts—The —16-V and +16-V lines are unregu- 
lated power supply lines. 


D4 Fig. 9-10. The $$-30C pinout designations. 


$S-30C SIGNAL DEFINITIONS 


Some of the revisions of the SS-50 were applied on the SS-30. 
The SS-30C pinout is given in Fig. 9-10. Only those lines that have 
been refined are specified in the following information. 


20 


1,2 


25 
27 


3,4 


Signal 
E 
RS2, RS3 


FIRQ 
4800b 


9600b 


—16V, +16V 


Definition 


Enable—The enable line is a buffered and inverted SS-50C en- 
able line. 

Register select 2, 3—The register select 2 and 3 lines are the 
buffered SS-50C A2 and A3 lines. 

Fast interrupt request—The SS-50C FIRQ line. 

4800 baud—The 6800 baud is a 4800-baud clock for serial inter- 
faces in the system. 

9600 baud—The 9600 baud is a 9600-baud clock for serial inter- 
faces in the system. 

—16 volts, +16 volts—The —16-V and +16-V SS-50C power 
lines. 
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CHAPTER 10 


The KIM/AIM/SYM Bus 


The KIM-1 microcomputer shown in Fig. 10-1 was introduced in 
1975 by MOS Technology, Inc. The KIM-]1 is a single-board system 
that includes a 6502 processor, a monitor in ROM, 1 kilobyte of user 
accessible RAM, a hexadecimal keypad and display, 15 parallel i/o 
lines, and cassette and TTY interfaces. Although it has been very 
popular, relatively few plug-compatible expansion boards have been 
produced for the KIM-1. 

Because it can stand alone as a complete system, the KIM-1 has no 
built-in motherboard into which expansion boards can be plugged. 
Expansion is performed via edge-card connectors to which the buses 
of the system are brought. MOS Technology, Inc., has introduced 
an expansion motherboard, the KIM-4, that plugs onto the KIM-1 
edge connectors and provides connections for six expansion boards. 
The arrangement of lines on the motherboard is the official KIM 
bus. Since expansion is possible through either the KIM-1 expansion 
connector or the KIM-4 motherboard, both will be defined. 

The AIM and SYM systems include expansion connectors that are 
generally compatible with the KIM-1 expansion connector. The dif- 
ferences are slight and occur on lines E16—E20 and E-X. These lines 
are system specific and should not affect operation of many boards. 

Expansion of the KIM-1 using either connector is straightforward 
as the 6502 is much like the 6800 in its simplicity. Memory and i/o 
must respond alike to the address and data buses and to the read/ 
write line. Care must be taken in assigning memory or peripheral 
addresses since the KIM-1 uses two memory areas as shown in Fig. 
10-2—1 kilobyte of RAM rests from 0000 to O3FF and the operating 
system occupies 1700 to IFFF. Select signals for 4 kilobytes of 
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expansion (0400 to 13FF) are decoded on the KIM-1 and available 
at the application connector. The interrupt vectors of the system are 
hardware located from 17FA to 17FF, the highest addresses in the 
KIM-1. Expansion beyond the initial 8K must include hardware to 
define the locations of those vectors. 


Courtesy MOS Technology, Inc. 


Fig. 10-1. KIM-1 microcomputer. 


The data, address and control buses are brought to the KIM-1 
expansion connector but few of these lines are buffered. All KIM-1 
and KIM-4 boards use 44-pin (22 each side) edge-card connectors 

Vector R644). Positive indexing was not provided until August 
1978, when an indexing slot was designated between pins 18 and 19. 
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HEX ADDRESS AVAILABLE FOR USER EXPANSION 


2000 
IFFF 


K7 6530-002 ROM OPERATING SYSTEM AND 1/0 


1€00 
1BFF 


K6 6530-003 ROM OPERATING SYSTEM AND 1/0 


1700 
16FF 


K5 


1400 
13FF 


K4 


1000 
OFFF DECODED 


K3 AND 


0C00 
OBFF AVAILABLE 
K2 FOR 


0800 
07FF 


USER 


Kl EXPANSION 


0400 
O3FF 


KO ON-BOARD USER ACCESSIBLE RAM 


0000 


Courtesy MOS Technology, Inc. 
Fig. 10-2. KIM-1 memory map. 


KIM-1 EXPANSION-BOARD SIGNAL DEFINITIONS 


The KIM-1 expansion board pinout designations are shown in 
Fig. 10-3. 
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Pin No. 
8-15 


Signal 
DBO-DB7 


R/W 


R/W 


RAM/R/W 


SYNC 


A 
B 
C 
D 
E 
F 
H 
J 
K 
L 
M 
N 
P 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 


Definition 


Data bus—The bidirectional data bus lines carry information between 
the processor and all peripherals. These lines are pulled directly off 
the processor and are not buffered. 

Read/write—The read/write line is used by the processor to dictate 
data flow on the data bus. When high, the processor is reading data 
from memory. When low, it is writing data to memory. The R/W 
line is buffered. 

Read/write—The R/W li is the buffered complement of the R/W 
line. 


ABO 
ABI 
AB2 
AB3 
AB4 
ABS 
ABG 
AB? 
ABB 
ABS 
AB10 
AB11 
AB12 
AB13 
AB14 
AB15 
2 
RW 
RW 
PLL TEST 
62 
RAM/RIW 


l 
2 
3 
4 
5 
6 
7 
8 


COMPONENT SIDE 


10-3. KIM-1 expansion-connector pinout designations. 


RAM/R/W—The RAM/R/W line is the NANDed combination of the 
2 clock signal and the inverted read/write signal. Since all data 
transfers occur during the @2 clock cycle, this line activates the 
RAM when valid data is present. 

Sync—The processor sets the sync line high during the 1 clock 
cycle each time it reads an instruction from memory. The sync is 
pulled low at the end of that clock cycle. By observing the sync, 
external logic can use the RDY line to allow the processor to work 
with slow or dynamic memory or DMA controllers. 

Ready—tThe ready line is an input that causes the processor to sus- 
pend internal operations, allowing the processor to wait on slow 
memories or dynamic refresh cycles. The processor will respond to 
a falling edge on the ready line on any @1 clock cycle except dur- 
ing a write operation. If the ready is pulled low during.a write 
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Pin No. 


A-F,H, ABO-ABI5 


J-N, P, 
R-T 
16 


7 


K6 


RST 


SST OUT 


RQ 


$1 


$2 


Definition 


operation, the processor will ignore it until the @1 clock of the first 
nonwrite operation that follows. 

Address bus—The unbuffered address bus lines connect the proces- 
sor and peripherals, thus providing the needed address. 


K6—The K6 line is the output of an address decoder that is pulled 
high when the processor puts an address between hex 1800 and 
1BFF on the address bus. The K6 is used on the KIM-1 in conjunc- 
tion with K5 (another select line) to enable a 6530 ROM that holds 
some of the system monitor. 

Reset—The reset line is directly connected to the reset line of the 
processor. If this line is pulled low, the current operation of the 
processor is halted and the processor begins executing the program 
pointed to by the reset vector. Normally, hex FFFE and FFFF, the re- 
set vector of the KIM-1, is hardware located at hex 17FC and 17FD. 
This points the processor to the beginning of the ROM-stored system 
monitor. 

Nonmaskable interrupt—The nonmaskable interrupt input is con- 
nected to the NMI line of of the processor. When the processor detects 
a falling edge on the NMI, it stops execution of the current pro- 
gram, saves the PC and CCR on the stack, jams the contents of the 
NMI vector into the program counter and begins execution. The NMI 


vector, usually located at hex FFFC and FFFD, is hardware located at 


hex 17FA and 17FB. These are RAM locations which can be set by 
the user to point to his or her interrupt service routine. Only the 
reset input has priority over the NMI. 

Single-step output—The single-step output line allows single instruc- 
tion execution of a program by applying the output of the NANDed 
sync and K7 signals to the NMI input of the processor. By NANDing 
the K7 (an address line used to select the system monitor ROM) and 
the sync line, an interrupt is generated each time an instruction is 
executed. The NMI vector must point to a register-save routine in 
the system monitor. Single-step operation is defeated by opening 
an on-board switch through which the signal is applied to the NMI 
input. peat 
Interrupt request—The interrupt request line is connected to the IRQ 
input of the processor. When the IRQ is pulled low, the processor 
checks the “I” status flag. If it is low, execution of the current pro- 
gram is halted, the PC and CCR are saved on the stack, the con- 
tents of the IRQ vector is jammed into the program counter and 
execution is_ continued. If the “I” flag is high, the_processor will 
ignore the IRQ request until the flag is reset. The IRQ vector, nor- 
mally located at FFFA and FFFB, is hardware located at hex RAM 
locations 17FE and 17FF. It can be set by the user. Both the reset 
and NMI inputs have priority over the IRQ. 

o@1—The @1 clock signal is taken from the processor’s 1 output. 
The #1 signal is generated internally by the processor and serves 
with the @2 signal as the clock of the system. 

$2—The 2 clock output signal is the buffered output of the #2 line 
of the processor. Generated internally by the processor, the @2 sig- 
nal serves with the @1 signal as the system clock. Data is transferred 
between the processor and peripherals during the 2 signal. 
@2—The 2 signal is the 2 signal inverted. 


Pin No. Signal Definition 


5 RO -Reset overflow—The RO line connects to the RO input of the proces- 
sor. A negative edge on this pin sets the overflow status flag of the 
processor. 

Xx PLL TEST Phase-locked loop test—The phase-locked loop test output is taken 


from the audio cassette interface. It allows adjustment of the audio 
output frequency. 


21 Voo Vcec—The Vcc input provides power to the KIM-1. It requires +5 
Vde at approximately 1.0 ampere. 

22 GND Ground—The ground line is the power and signal return supply. 

18-20 NC NC—These pins are not connected. 


KIM-4 SIGNAL DEFINITIONS 


Most of the application-connector signals are duplicated on the 
MOS Technology, Inc., KIM-4 shown in Figs. 10-4 and 10-5. As an 
expansion motherboard that plugs directly onto the KIM-1, the 
KIM-4 buffers all signals and provides connection slots for six addi- 
tional boards, each of which uses KIM-4 bus. The KIM-4 includes 
address decode circuitry that activates the KIM-1 memory (when 
called ). The pinout designations for the KIM-4 board are shown in 
Fig. 10-6. 


SHESEETEERE 


Courtesy MOS Technology, Inc. 
Fig. 10-4. The KIM-4 plugged onto the KIM-1. 


Pin No. Signal Definitions 

8-15 BDBO-BDB7 Data lines—This is the buffered bidirectional data bus line. 
Ww BR/W Read/write—This is the buffered read/write line. 

2 BSYNC BSYNC—This is the buffered sync line. 

3 BRDY Ready—This is the buffered ready line. 


Pin No. Signal Definitions 
B-F, H, BABO-BAB1I5 Address bus—this is the buffered address bus. 


J-N, P, 

R-T, U 

7 BRST Reset—This is the buffered reset line. 

6 BNMI Nonmaskable interrupt—This is the buffered nonmaskable inter- 
rupt line. 

4 BIRQ Interrupt request—This is the buffered interrupt request line. 

Vv Bd2 2—The buffered 62 clock line. 

X Bd2 $2—The buffered $2 clock line inverted. 

18 DMA Direct memory access—The direct memory access line is an input 


which, when pulled low, causes the data and address buses and 
the read/write line to float. Floating these lines means their buf- 
fers enter a high-impedance state which effectively disconnects 
the expansion bus from the processor. An external device such 
as a disk controller can then use the bus to load from or dump 
to the memory. 


APPLICATION CONNECTOR 


EXPANSION MODULE 


CONNECTORS wa 


| 


Courtesy MOS Technology, fnc. 
Fig. 10-5. Diagram of the KIM-4 motherboard. 


CONNECTOR 


TO KIM-| 


EXPANSION 


TO KIM-I 
APPLICATION CONNECTOR 


BUS EXTENSION 
CONNECTOR 


Pin No. Signal 


21, Y +5V 
19,20 +8V 
7 +15V 
5 —15V 
1,22, GND 
A,Z 

16 BD SEL 


A 
B 
C 
D 
E 
F 
H 
J 
K 
L 
M 
N 
P 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 


Definitions 


+5 V—The +5-Vdc line provides a regulated +5 Vdc for the 
KIM-1. | 

+8 V—The +8-Vdc line provides unregulated power to each of 
the expansion boards which must contain regulation circuitry. 
The +8-volt supply should be capable of producing 15 amperes. 
+15 V—The +15-V line is an input that feeds a +12-volt regu- 
lator. The regulated +12 volts is passed to the KIM-1 for use in 
the audio interface circuitry. 

—15 V—The —15-V line is an unregulated input that is passed 
to each of the expansion boards where (if needed) it can be 
regulated. 

Ground—The ground line is the common return line for all sys- 
tem power supplies and signal lines. 

This is an unused line common to all KIM-4 boards. 


GND GND 1 
BABO BSYNC 2 
BABI BRDY 3 
BAB2 BIRO 4 
BAB3 —15V 5 
BAB4 BNMI 6 
BAB5 BRST 7 
BAB6 BDB7 8 
BAB7 BDBG6 
BAB8 BDB5 
BAB9 BDB4 
BAB10 BDB3 
BABII BDB2 
BAB12 DBD1 
BAB13 BDBO 
BAB14 BD SEL 
BAB15 +15V 
Bo2 DMA 
BRIW +8V 
Bd2 +8V 
+5V +5V 
GND GND 


Fig. 10-6. Bus pinout designations for the KIM-4 board. 


KIM-1 APPLICATION-CONNECTOR SIGNAL DEFINITIONS 


Expansion of the KIM-I is also possible through its application 
connector which provides i/o lines. The KIM-1 application connec- 
tor is duplicated pin for pin on the KIM-4 motherboard except as 
noted in the signal definitions. The application-connector pinout 
designations for the KIM-1 are shown in Fig. 10-7. 


A 
B 
¢ 
D 
E 
F 
H 
J 

K 
L 
M 
N 
P 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 


+5V GND 1 
KO PA3 2 

K1 PA2 3 

K2 PAI 4 

K3 PAd 5 

K4 PAS 6 

K5 PAG 7 

K7 PAT 8 
DECODE PBO 9 wy 
AUD IN PBI a 
AUD OUTL PB2 = 
+12V PB3 = 
AUD OUTH PB4 = 
TTY KBD + PAO S 
TTY PNT+ PB7 

TTY KBD— PBS 

TTY PNT— KB RO 

KB R3 KB CF 

KB CG KB CB 

KB R2 KB CE 

KB CC KB CA 

KB RI KB CD 


Fig. 10-7. Application-connector pinout designations for the KIM-1. 


Signal 
PAOQ—PA7 


PBO-PB5, PB7 


KB CA-KB CG 


KB RO-KB R3 


AUD IN 


AUD OUT 
(Hi and Lo) 


Definition 


i/o lines—PAO-PA7 are the user accessible i/o lines of port A, 
a bidirectional programmable parallel port that rests at hex lo- 
cations 1700 and 1701 on the 6530-003 integrated circuit. Each 
line may be individually programmed as an input or output; 
each is capable of driving one standard TTL load. 

1/0 lines—PBO—PB5 and PB7 are the user accessible i/o lines of 
port B, a bidirectional programmable parallel port that rests at 
hex locations 1702 and 1703 on the 6530-003 integrated circuit. 
Each line is TTL compatible. Only seven lines are available for 
i/o since the line normally used for PB6é has been dedicated as 
a chip select. 

Keyboard column—These lines are i/o lines PAQ—PA6 of port A 
on the 6530-002 integrated circuit. The KIM-1 uses these lines in 
the strobed hex keyboard and display. They are available to al- 
low a remote keyboard. They can, however, also be used to i/o 
lines during program execution. 

Keyboard row—These lines are the output of a decimal decoder 
used by the KIM-1 (in conjunction with the keyboard column 
lines) to scan the hex keyboard. They are provided to allow a 
remote keyboard. 

Audio input—The audio input line that is used to connect the 
earphone jack of an audio tape recorder to the on-board audio 
interface. 

Audio output—The audio output lines connect the on-board audio 
interface to the microphone input on an audio tape recorder. 


Pin No. Signal 


R,T TTY KY 


(+ and —) 
S, U TTY PTR 
(+ and —) 
B-F, KO-K7 
H, J 
K DECODE 
A Veco 
1 GND 
N +12V 


The low output is normally used although recorders that have 
an auxiliary input may operate with the high output. 
Teletypewriter keyboard—These lines provide a 20-mA current 
loop that can be driven by a teleprinter keyboard. 
Teletypewriter printer—These lines provide a 20-mA current loop 
that can drive a teleprinter print mechanism. 

KO-K7—These lines are the outputs of a decimal decoder. They 
serve as chip select lines for the first 8 kilobytes of memory. See 
Fig. 10-2 for memory-map details. 

Decode—The decode line is an input to the KO-K7 decoder. It 
must be held low to enable the decoder and to use memory on 
the KIM-1. Expansion beyond 8 kilobytes requires that the exter- 
nal logic control the decode line to choose on- or off-board 
memory. 

Vec—this is a +5-Vdc regulated input. 

Ground—The ground line is the Vcc return. 

+12 V—The + 12-volt line. 


DISCUSSION 


KIM-1 expansion is often performed with S-100 boards since the 
KIM-compatible boards are scarce and expensive while the S-100 
boards are plentiful and inexpensive. A commercially available in- 
terface board is discussed in Chapter 24. 


CHAPTER 11 


The Apple I/II Bus 


The Apple II microcomputer, shown in Fig. 11-1, is a single-board 
system that includes a processor, operating system, and BASIC in 
ROM, RAM, keyboard, color video-display generator, cassette inter- 
face, power supply, speaker, and game paddles. In addition to the 
speaker and game paddles, the Apple II comes equipped with dem- 
onstration tapes, instruction manual, and your choice of either 8K 
or 16K of memory. Packaged in a compact plastic case, it has been 
a popular system. 

Memory expansion is extremely simple on the Apple microcom- 
puter. Three rows of sockets are provided that will support either 
4- or 16-kilobit dynamic RAMs. The system can be expanded by 
simply filling the existing sockets with chips or by replacing 4-kilobit 
chips with 16-kilobit chips. A maximum of 48 kilobytes of RAM is 
possible using these sockets. 

A motherboard area (containing eight sockets) is also provided. 
It is located at the back of the main circuit board as shown in Fig. 
11-2. All signals necessary to add memory or peripherals are avail- 
able at these connectors. 

A variety of expansion boards, like the one shown in Fig. 11-3, are 
offered by Apple Computer, Inc. The expansion boards are 2% by 
7 inches (6.9 by 17.7 cm) in size and use a double-sided, 50-pin 
(25 each side), edge-card connector with 0.1-inch (0.25-cm) spac- 
ing. The connectors are offset as shown in Fig. 11-3, providing posi- 
tive indexing for the boards. The expansion board shown in Fig. 
11-3 is Apple’s Model A2B0003X Communications Card. It permits 
the Apple II to serve as a terminal in a time-sharing network or 
within a network of two or more Apple computers that have access 
to and control of other Apple II computers. 
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Courtesy Apple Computer, Inc. 
Fig. 11-1. The Apple II microcomputer. 


APPLE SIGNAL DEFINITIONS 
The Apple bus pinout designations are shown in Fig. 11-4. 


Pin No. Signal Definition 
42-49 DO—-D7 Data lines—These are bidirectional, buffered data lines of 
the processor. They carry information into and out of the 
- processor. 
18 R/W Read/write—The buffered read/write line of the processor is 


used to control the direction of data flow on the data lines. 
When high, a read operation will occur, when low, a write 
= operation will occur. 
21 RDY Ready—The ready line is a processor input that, when pulled 
low during $1, will halt the processor during the next 1 cy- 
cle. When it is pulled high, execution will continue in the fol- 
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Courtesy Apple Computer, Inc. 


Fig. 11-2. The Apple II pc board showing the “motherboard area” located at 


the rear of the main board. 


2-17 


20 


4) 


Courtesy Apple Computer, Inc. 


Fig. 11-3. A serial-communications-expansion board. 


AO-A15 


1/O STROBE 


DEVICE SELECT 


1/O SELECT 


Definition 


lowing @2. Slow memory can use the ready line to gain the 
extra time needed to access data. The ready signal will not 
halt the processor during a write operation, but in the @1 that 
follows. 

Address lines—The buffered address lines of the processor 
carry the location of the desired data from the processor to 
the peripherals. 

1/0 strobe—The i/o strobe is an active-low output. It is pulled 
low on all connectors when a hex address between C800 and 
CFFF is called by the processor. It can be used as a chip select 
signal. (See the memory map of Fig. 11-5.) 

Device select—The device select line is an active-low output 
that is pulled low on only one connector at a time in response 
to predetermined addresses. As shown in Fig. 11-5, each con- 
nector is assigned 16 unique addresses that are associated with 
the device select. When an address assigned to a connector is 
called, the device select line is pulled low on only that con- 
nector. This line can be used as a chip select signal. 

1/0 select—The i/o select is an active-low output that, like the 
device select, is pulled low on only one connector at a time, 
in response to a specific group of addresses. As shown in Fig. 
11-5, each connector, except No. 0, is assigned 256 unique 
addresses that are associated with the i/o select. When an 


32 


31 


29 


30 


INH 


RES 


NMI 


IRQ 


VO SELECT 
1 


1 
2 
3 
4 
5 
6 
7 
8 


A0 
A 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
Ag 
Al0 


All 

Al2 

Al3 

Al4 

Al5 

RW 

NC 

10 STROBE 
RDY 
DMA 

INT OUT 
DMA OUT 
+5\V 


COMPONENT SIDE 


Fig. 11-4. The Apple bus pinout designations. 


address assigned to a connector is called, the i/o select line 
is pulled low on only that connector. This line can be used as 
a chip select signal. 

Inhibit—The inhibit line is an input that, when pulled low, dis- 
ables all on-board ROMs, thus allowing the use of customized 
operating system software. 

Reset—The reset line is an input to the active-low reset of the 
processor. Pulling this line low will cause the processor to 
cease its current operation and return to the system monitor. 
Nonmaskable interrupt—The NMI line is an input to the active 
low NMI of the processor. When pulled low, the processor will 
finish the current instruction, push the program counter and 
status register onto the stack, load the contents of the NMI 
vector into the program counter and, then, begin executing 
the NMI service routine. 

Interrupt request—The IRQ line is an input to the active-low 
IRQ of the processor. When pulled low, the processor will 
finish the current instruction and check the “I status flag. If it 
is reset, the program counter and status register will be pushed 
onto the stack, the contents of the IRQ vector will be loaded 
into the program counter and execution of the IRQ service rou- 
tine will begin. If the “I” flag is set, the processor will ignore 
an IRQ input until it is reset. 


HEX ADDRESS PIN FUNCTION 


CFFF 


THE I/0 STROBE IS PULLED LOW ON ALL CONNECTORS. 


Courtesy Apple Computer, Inc. 
Fig. 11-5. Special i/o connector select addresses. 


Pin No. Signal 
23,28 INT IN, 
INT OUT 


DMA IN 


INT IN 


40 


Definition 


Interrupt input and interrupt output—The INT IN and INT OUT 
lines allow the implementation of a simple interrupt priority 
scheme in a system that has more than one source of inter- 
rupts. The IN OUT line of each connector runs to the INT IN of 
the next connector to form the simple “daisy chain’’ shown in 
Fig. 11-6. The status of these lines determines when a board 
can request service on the NMI or IRQ lines. When an interrupt 
is generated on a board, the board cannot signal the IRQ un- 
til it checks the status of its INT IN. If the INT IN of the board 


10 CONNECTORS 


0 1 2 3 4 ) 6 7 
DMA OUT 
mtOoO Oa oe 
28 
INT OUT 
JUMPERS FROM 
PINS 23 AND 24 
TO PINS 28 AND 27, 
RESPECTIVELY 
PIN 1 POSITION 


Fig. 11-6. The INT IN/INT OUT and DMA IN/DMA OUT “daisy chains” on the 


0 


i/o connectors. 


is low, a higher priority board is using the IRQ and the board 
must wait until the INT IN is returned high. If the INT IN is 
high, or is returned high, the board can use the IRQ but it 
must first pull its INT OUT low, thereby indicating a busy 
IRQ to boards with lower priority. Each board must pass a 
busy signal on to lower priority boards by pulling its INT OUT 
low when the INT IN of the board is pulled low. Using this 
scheme, the board in connector 0 has the highest priority and 
the board in position 7 has the lowest. Any board not using 
interrupts must pass the INT IN to the INT OUT with a jumper 
to prevent a break in the chain. All hardware needed to imple- 
ment this system must be contained on the peripheral boards. 
It is important to note that use of the INT IN and INT OUT is 
completely optional. The NMI and IRQ are provided at each 
connector and can be used as desired with or without the use 
of the INT IN and INT OUT. 

Clock phase O—This signal is derived from the master oscillator 
and is used to drive the clock input of the processor. Using this 
signal, the processor produces the @1 and @2 signals for the 
system. This 60 signal can be used the same as @2 since they 
are functionally the same. 


Pin No. 
38 


36 
37 


22 


24, 27 


39 


19, 35 
25 
50 
34 
33 


26 


Signal 
1 
7M 
Q3 


DMA 


DMA IN, 
DMA OUT 


USER 1 


NC 
+5V 
+12V 
—5V 
—12V 


GND 


Definition 


Clock phase 1—The #1 signal is one output of the system clock 
generator of the processor. 

7-MHz clock—This 7-MHz signal is derived from the master os- 
cillator and is available for use by peripherals. 

Q3—The Q3 is a 2-MHz signal derived from the master oscilla- 
tor. It is available for use by peripherals. 

Direct memory access—The DMA line can be used by periph- 
erals to gain control of the buses of the system. Pulling this 
line low floats the address and read/write lines and inhibits 
the @0 clock input, effectively stopping the processor and 
putting the data lines in the input mode. A peripheral can then 
use the buses for DMA operations. Since the 6502 is a dynamic 
device, the clock can only be stopped for a maximum of 1 ms 
before the internal register contents are lost. Therefore the 
DMA must be completed in less than 1 ms. 

Direct memory access in and direct memory access out—The 
DMA IN and DMA OUT lines allow the implementation of a 
DMA priority scheme much like the interrupt priority that was 
obtained using the INT IN and INT OUT lines. The DMA and 
DMA OUT lines are connected (Fig. 11-6) to form a “daisy 
chain’ which functions like the INT IN and INT OUT chain. 
Use of the DMA IN and DMA OUT lines is completely optional; 
the DMA functions without their use. 

User 1—The user line is an input to the address decoder that 
generates the i/o and ROM enable signals. Pulling this line 
low disables the i/o enable signals and all on-board ROM, thus 
allowing different implementation of the memory space be- 
tween hex C000 and FFFF. 

No connection—The NC contact is undefined and available 
for use. 

+5 V—The +5-Vdc li 
vide up to 500 mA. 
+12 V—The +12-Vdc line is a regulated output that can pro- 
vide up to 250 mA. 

—5 V—The —5-Vdc li 
up to 200 mA. 

—12 V—The —12-Vdc li 
ply up to 200 mA. 
Ground—The ground line is the common return for the signal 
and power lines of the system. 


is a regulated output that can pro- 


is a regulated output that can provide 


is a regulated output that can sup- 
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CHAPTER 12 


The PET Bus 


Commodore Business Machines’ PET, shown in Fig. 12-1, is one 
of the new breed of microcomputers. It is a complete system in 
a single package. The PET system provides CPU, RAM, system 
executive and BASIC in ROM, integral alphanumeric keyboard and 
crt display, cassette recorder and interface, programmable i/o lines, 


Courtesy Commodore Business Machines, Inc. 
Fig. 12-1. The PET system. 
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and instrumentation provisions in an attractive case. The user has 
only to plug the unit in and turn it on to get started in a BASIC 
operating system. Introduced in 1977, the PET has been very popu- 
lar. Several expansion modules for the system are currently being 
offered. 

Expansion of the 6502-based system is relatively easy. All of the 
expansion lines are buffered and the expansion memory is decoded 
into 4-kilobyte blocks. Expansion of the PET is performed via a 40- 
pin edge-card connector (with 0.100-inch, or 0.25-cm, spacing) that 
protrudes from the right side of the PET. All of the pins on the top 
side of the connector are grounded. No positive indexing is provided. 


PET EXPANSION-CONNECTOR SIGNAL DEFINITIONS 


The PET expansion-connector pinout designations are shown in 
Fig. 12-2. 


Pin No. Signal Definition 

1-79 — All odd numbered pins are grounded. 

66,68, DO—-D7 Data bus—The bidirectional data bus lines carry data between the 
70, 72, processor and the peripherals. 

74, 76, 

78, 80 

60 R/W Read/write—The read/write line is an output used by the processor 


to control direction of data movement on the data bus. When high, 
the processor is reading data; when low, it is writing data. 
2,4,6, AQAll Address bus—The address bus lines are outputs that are used by the 


8, 10, processor, in conjunction with the select lines, to specify the loca- 
12, 14, tion desired. 

16, 18, 

20, 22, 

24 


32,34, SELI-SEL7, Select—The select lines are the decoded address outputs of the 
36,38, SEL9-SELB A12-Al5 lines of the processor, that do not appear on the con- 


40, 42, nector. SELI-SELB are used to select, or enable, 4-kilobyte blocks 
44, 46, of expansion memory or i/o. Select line 1 enables the 4-kilobyte 
48, 50 block between hex 1000 and IFFF, select line 2 enables addresses 


between hex 2000 and 2FFF, etc. The processor uses the select 

signals to indicate a specific 4-kilobyte block and the AOQ-Al11 lines 

to indicate the desired byte in that block. The memory map for the 

PET is shown in Fig. 12-3. Dedicated and user-available areas are 
= defined using the select lines. 

54 RES Reset—The reset line is an unbuffered input to the reset line of the 
processor. Pulling this line low causes the processsor to load the 
program counter with the contents of the reset vector and to be- 

=. gin execution. 

56 IRQ Interrupt request—The interrupt request line is an unbuffered input 
to the IRQ of the processor. When pulled low, the processor ex- 
amines the “I’’ flag and, if reset, sets the “I flag, stores the PC 
and status register on the stack, loads the PC with the contents of 
the IRQ vector and begins execution of the IRQ service routine. 
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Fig. 12-2. The PET expansion-connector pinout designations. 


$2 


UNDF 


Definition 


If the “I” flag is set when the IRQ is pulled low, the processor will 
ignore the IRQ until the “I” is reset. 

g@2—The 2 line is the output of the system clock and can be used 
as a chip enable since all data movement occurs during 2. 
Undefined—These lines are not assigned a function by the PET and 
can be used externally for user desired functions. 


SELECT LINE 
F 


0, DIAGNOSTICS, MONITOR ROM 


$E800- 0 PORTS AND EXPANSION 1/0 
$E000-E7 FF SCREEN EDITOR ROM 


BASIC ROM 


USER AVAILABLE 
EXPANSION ROM 


$8000-$83E7 TV DISPLAY RAM 


USER AVAILABLE 
EXPANSION RAM 


rm 


rR Ww =. ana n~i co OO FP BW 2 OO 


BASIC TEXT RAM (8K VERSION) 


PAGEOQ $1-—$5A BASIC INPUT BUFFER 
PAGE1 STACK 


PAGE 2-3 $200 3-BYTE CLOCK REGISTER 
$219 INTERRUPT VECTOR 

$21B BREAK INST. VECTOR 

$27A BUFFER FOR CASSETTE No.1 
$33A BUFFER FOR CASSETTE No.2 


— 


S 


PAGE 4-8 $400-SFFF BASIC TEXT RAM 


Courtesy Commodore Business Machines, Inc. 


Fig. 12-3. The PET memory map. 


Several companies are producing PET-to-S-100 interface boards 
that allow PET owners to use the many available S-100 boards. See 
Chapter 25 for further details. 

The PET also contains a connector with IEEE 488 signals. This 
edge connector must be cabled to a standard IEEE 488 connector to 
be used with other 488 devices. Implementation of the IEEE 488 on 
the PET is accomplished with software drivers. The IEEE 488 is 
defined in Chapter 22. 
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CHAPTER 13 


The Ohio Scientific Bus 


The standard 48-line system bus developed in 1975 by Ohio Sci- 
entific, Inc., is used today throughout their broad line of products. 
Over 40 bus-compatible boards are presently available from Ohio 
Scientific, who also offers a variety of bus-compatible microcom- 


Courtesy Ohio Scientific, Inc. 
Fig. 13-1. The Challenger [If microcomputer. 
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Courtesy Ohio Scientific, Inc. 
Fig. 13-2. The Challenger C2-4P microcomputer. 


Courtesy Ohio Scientific, Inc. 
Fig. 13-3. The Challenger C2-8P microcomputer. 


Courtesy Ohio Scientific, Inc. 


Fig. 13-4. The OS-48 motherboard. 


puters that range from the expandable business system shown in 
Fig. 13-1 to the simple turn-key system illustrated in Fig. 13-2. The 
C2-4P (Fig. 13-2) and the C2-8P (Fig. 13-3) are part of Ohio Scien- 
tific’s Challenger IIP series. These are ultra-high-performance bus- 
oriented microcomputers for personal, educational, research, and 
small business use. Both microcomputers are also available in color 
versions. 

Ohio Scientific systems are primarily 6502 based although a multi- 
processor board featuring 6502, 6800, and Z-80 microprocessors is 
available. Ohio Scientific boards are 8 by 10 inches (20.3 by 25.4 cm) 
in size and plug into the backplane connector shown in Fig. 13-4. 
All the boards use four 12-pin KK-156 Molex connectors to mate 
with the 48-pin bus. No positive indexing is provided. 


BUS SIGNAL DEFINITIONS 


The pinout designations of the Ohio Scientific bus are shown in 
Fig. 13-5. 


l 
2 
3 
4 
s) 
6 
7 
8 
9 


Fig. 13-5. The OS-48 pinout designations. 


Pin No. 
5-12 


40 


39 


4l 


42 


29-38, 
43—48 
19-22 


Signal 
DO-D7 


R/W 


DD 


o2 


VMA 


VMA $2 


AO-A15 


Al6é-Al9 


Zz 
= 


WAIT 


Definition 


Data line—The bidirectional data bus which carries information be- 
tween the processor and all the peripherals. 

Read/write—This line is a processor output that directs data flow 
on the data bus. When high, a read operation will occur; when 
low, a write operation will occur. 

Data direction—The data direction line is an input to the processor 
board that is used by peripherals to control its data bus buffers. 
When a peripheral board, after responding to the address bus 
(R/W) and 2 lines, has valid data for or can accept valid data 
from the processor, it pulls the data direction line high for a write 
operation or, low for a read operation. 

Clock phase 2—The clock @2 output of the processor. All data 
transfers take place during the 2 period. 

Valid memory address—The valid memory address is the output of 
the VMA line of the 6800 microprocessor. The processor pulls the 
VMA high during clock #1, after the desired address is placed on 
the address bus and is settled. The 6502 processor does not have 
a VMA line so, in 6502 systems, line number 41 is permanently 
pulled high. 

VMA 2—This line is the output of an AND gate that is fed to pe- 
ripheral boards to serve as a chip enable line. When high, a data 
transfer can occur with little possibility of error caused by un- 
settled lines. Since the 6502 has no VMA line, the VMA @2 line 
on 6502 systems is the @2 line of the processor. 

Address bus—The address bus lines are processor outputs which 
carry the desired address to the peripherals. 

Upper address—These upper address lines are used to provide ad- 
ditional addressing capability in systems that are expanded with 
floppy disks. Signals A16—-A19 are not inherent to either the 6502 
or the 6800. They are derived by using four 6820 peripheral inter- 
face adapter lines configured as outputs. They are software con- 
trolled. 

Nonmaskable interrupt—This is the unbuffered nonmaskable inter- 
rupt input to the processor. When pulled low, the processor finishes 
execution of the current instruction, pushes some internal registers 
onto the stack, loads the contents of the NMI vector into the pro- 
gram counter, and begins execution of the interrupt service rou- 
tine. The ACCA, ACCB, INX, PC and condition-code registers are 
all automatically saved on the stack in the 6800, while the 6502 
saves only the PC and condition-code registers. The processor must 
respond to an NMI request for service. 

Interrupt request—The interrupt request input is the unbuffered in- 
put to the IRQ line of the processor. When pulled low, the proces- 
sor will finish execution of the current instruction and push some 
internal registers (see NMI) onto the stack. It then sets the “I” flag, 
loads the program counter with the contents of the IRQ vector and 
begins execution of the service routine. The processor will respond 
to an IRQ request only if the ‘I’ flag in the status is reset when the 
request occurs. 

Wait—The wait line is an input that allows external control of the 
clock frequency of the processor. The line is used to switch diodes 
which add resistance to the RC circuit of the astable multivibrator 
clock, thereby changing the frequency. Pulling the wait line low 


Pin No. Signal Definition 


slows the clock to about 500 kHz to allow easy interface with slow 
memory and peripherals. The wait line will not be active in sys- 
tems which are configured for a single clock speed. 

17 RESET Reset—The reset line is an optional line that may, in some systems, 
be used to reset peripheral interface adapters. 

13-16 D8—D11 Upper data—Optional data bus lines that may be used if a 12-bit 
processor (the Intersil 6100) is added to the system. They are not 
inherent to either the 6502 or the 6800 or their systems. 


18 UNDF Undefined—The undefined line has no dedicated use and may be 
used to perform special or custom functions. 

25,26 +5V +5 V—This line is a power input that requires +5 Vdc at 2.0 am- 
peres regulated voltage. 

23 +12V +12 V—This line is a power input that requires +12 Vdc at 0.5- 
ampere regulated voltage. 

24 —-9V —9 V—This line is a power input that requires —9 Vdc at 0.5- 
ampere regulated voltage. 

27,28 GND Ground—The ground line is the common return for all system power 


supplies and signal lines. 


All lines except the NMI, IRQ, and RESET lines are buffered. 
It should be noted that the processor reset line is not on the sys- 


tem bus. It is, instead, available on an auxiliary connector that is lo 
cated on the CPU board. 


AUXILIARY-CONNECTOR SIGNAL DEFINITIONS 


Many of the systems offered by Ohio Scientific are based on their 
Model 500 CPU board, which is the nearer board shown in Fig. 
13-4. Since it is so widely used, its auxiliary connector (AX) will 
be defined. The auxiliary connector accepts a KK-156 Molex con- 
nector, which is located in the upper left-hand corner of the Model 
500 board (Fig. 13-4). The pinout designations of the auxiliary con- 
nector are shown in Fig. 13-6. 


RDY or HL 
GND 
RESET 
UNDF 
UNDF 


RETURN 

Fig. 13-6. Pinout designations for the OUTPUT } RS-232C 
auxiliary connector. INPUT 

TTY PNT + 

TTY KBD + 

TTY PNT — 


TTY KBD — 


Pin No. 
1 


4,5 


6-8 


9,11 


10, 12 


Signal 
RDY or HLT 


GND 


RESET 


UNDF 


RET, OUT, 
IN 


TTY PNT 
(+ and —) 
TTY KBD 
(+ and —) 


Definition 


Ready or halt—This line is an unbuffered input to the processor. 
Pulling this line low causes the processor to suspend operations 
and to float the buses until it is returned high. The ready line 
is available on the 6502 microprocessor, while the halt line is 
available on the 6800 microprocessor. 

Ground—This line is the return for system power supplies and 
signal lines. 

Reset—The reset line is the unbuffered input to the reset input 
of the processor. Pulling the reset low causes execution to be- 
gin at the location pointed to by the reset vector. A momentary 
contact push-button switch can be connected to pins 2 and 3 
to perform the reset. 

Undefined—Lines 4 and 5 are unused and allow special func- 
tions desired by the user. 

RS-232C-—-Lines 6, 7, and 8 provide serial interface to the CPU 
board using RS-232C signals. Line 7 is the output, line 8 is the 
input, and line 6 is the common return line. 

Teletypewriter printer—These lines provide serial printer inter- 
face to the CPU board using a 20-mA loop. 

Teletypewriter keyboard—These lines provide serial keyboard 
interface to the CPU board using a 20-mA loop. 


CHAPTER 14 


The Atari Bus 


Atari, Inc., drawing on their vast video-game experience, entered 
the personal computer field with the introduction of the Atari 400 
and Atari 800 personal computer systems shown in Fig. 14-1. The 
systems are 6502 based and include 8 or 16 kilobytes of RAM, a 10- 
kilobyte operating system, a 16-color video output, a cassette inter- 
face, and an ASCII keyboard. Both systems also feature sockets, one 
in the 400 and two in the 800, that accept ROM-based program car- 
tridges. These sockets, located in the computer consoles, allow the 
immediate execution of a variety of educational, game, and financial 
programs as well as the use of BASIC and assembly languages. Ex- 
pansion of the systems can be accomplished by adding peripheral 
devices or by adding RAM. 

Adding peripherals to either the 400 or the 800 involves use of a 
built-in asynchronous serial i/o bus. The i/o bus connector is located 
on the right side of the console and can interface a variety of periph- 
erals, including cassette recorders, disk drives, printers, modems, and 
a serial/parallel expansion interface. The serial port pinout designa- 
tions are shown in Fig. 14-2. 


ATARI BUS SIGNAL DEFINITIONS 


Pin No. Signal Definition 


1 CLOCK INPUT Clock input—The clock input line is currently unused but 
may be used in a future synchronous serial bus scheme. 

2 CLOCK OUTPUT Clock output—The clock output line is a processor system 
output that is used by peripherals to latch data from the 
data out line. Data is placed on the data out line during 
the rising edge of the clock output signal and is stable and 
can be latched on the falling edge of the clock output 
signal. 
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Courtesy Atari, Inc. 
Fig. 14-1. The Atari 400 and 800 computer systems. 


1 CLOCK INPUT 8 MOTOR CONTROL 
2 CLOCK OUTPUT 9 PROCEED 

3 DATA INPUT 10 +5/READY 

4 GROUND 11 AUDIO INPUT 

9 DATA OUTPUT 12 +12V 

6 GROUND 13 INTERRUPT 

7 COMMAND 


Fig. 14-2. Atari serial i/o port pinout. 


10 


V1 


12 
13 


Signal 
DATA INPUT 


GROUND 
DATA OUTPUT 


GROUND 


COMMAND 


MOTOR CONTROL 


PROCEED 


+5/READY 


AUDIO INPUT 


+12V 
INTERRUPT 


Definition 


Data input—The data input line is a processor system input 
used by peripherals to transmit data and status codes into 
the processor at a rate of 19,200 baud. 

Ground—The signal and power ground return line. 

Data output—The data output line is a processor system 
output used by the processor to transmit commands and 
data to peripherals on the bus. Data on this line is stable 
and can be read on the falling edge of the clock output 
signal. 

Ground—tThe signal and power ground return line. 
Command—The command line is an active-low processor 
system output used to indicate to peripherals on the bus 
that the following 5 bytes are to be interpreted as a com- 
mand frame. 

Motor control—The motor control line is a processor system 
output used to start and stop the cassette recorder/player’s 
motor. 

Proceed—The proceed line is at present an active-low pro- 
cessor input that is connected to the 6502’s IRQ line. When 
pulled low by a peripheral the processor may cease execu- 
tion, store the program counter, status, and A registers on 
the stack and begin execution of the service routine 
pointed to by the vector at location 0202. 

+5/ready—The +5/ready line is a processor system out- 
put that is pulled high by the system to indicate to periph- 
erals that the system is powered up and ready. The +5/ 
ready is also a processor input connected to the 6502’s IRQ 
line that, when pulled low by a peripheral, may cause the 
6502 to push the program counter and status and A reg- 
isters onto the stack and begins execution of the service 
routine pointed to by the vector at location 020C. 

Audio input—The audio input line is a processor system 
input from the cassette recorder. The cassette scheme used 
by Atari permits the recording of an audio track in addi- 
tion to the digital data track. The output of the audio 
track is fed through the system to the tv set’s audio sec- 
tion and speaker. 

+12 volts—A limited-current +12-volt de supply line. 
Interrupt—The interrupt line is an active-low processor in- 
put that is connected to the 6502’s IRQ line. When a pe- 
ripheral pulls the interrupt line low the processor will 
cease execution, push the program counter and status reg- 
ister onto the stack, and begin execution of the service 
routine pointed to by the vector at 0204. 


DISCUSSION 


Communication on the serial bus is initiated by the processor. All 
exchanges begin when the processor, on direction from the serial 
i/o firmware, composes a command frame of 5 bytes. The first byte 
is the address, or ID, of the peripheral device to be accessed. The 
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second byte is the command byte, which contains the code of the 
type of operation to be performed. The two general i/o commands 
are read (52) and write (57). The put (50), status (53), and format 
(21) commands are used to control disk drives. The third and fourth 
command bytes contain auxiliary information that is device specific 
and is used to set operating parameters of the accessed device. The 
fifth byte of the command frame is the checksum byte used by 
peripherals to test for transmission errors. The checksum is the sum 
of data in all bytes sent, plus the carry flag. After the checksum byte 
is sent the processor pulls the command line high signaling the end 
of the command frame. 

All peripherals on the bus receive the command frame but only 
that one addressed acknowledges receipt of it. If the checksum com- 
puted by the peripheral matches that sent and if the command and 
auxiliary information are valid, the peripheral responds by sending 
the acknowledge (ACK) code (41) to the processor on the data in- 
put line. If a checksum, command, or auxiliary is detected, the 
peripheral sends the not acknowledge (NAK) code (4E). If the not 
acknowledge code is sent, the processor sends the command frame 
again. 

After the peripheral acknowledges the command frame the opera- 
tion specified begins. If the operation is a data read, the peripheral 
performs the data access operation and sends the complete code 
(43) to the processor on the data input line. The peripheral then 
sends the data bytes requested and finally sends the checksum byte. 

If the operation is a data write the processor sends the data bytes 
and checksum byte to the peripheral on the data output line. The 
data on the data output line is stable during the falling edge of the 
processor clock output line. The peripheral receives the data and, 
after comparing the received and computed checksums, replies on 
the data input line with an ACK or NAK code. If the NAK is sent 
to the processor, it sends the data and checksum bytes again. When 
the peripheral completes the output operation it sends the complete 
code. Should any of the operations not be successful the peripheral 
sends the error code (45) and the operation is attempted again. 


CHAPTER 15 


The TI-99/4 Port 


The TI-99/4 home computer is a complete ready-to-use system. 
The console contains the TI-9900 16-bit CPU, 16K RAM, 26K ROM, 
video generator, and sound generator. The on-board ROM contains 
a 14K BASIC plus the video, sound, and monitor routines. There are 
connectors on the console for two cassette recorders (back), video 
output (back), two joysticks (left side), solid-state software com- 
mand modules (top right), and i/o port (right side). The solid-state 
software command modules contain up to 30K of ROM with educa- 
tional, entertainment, financial, and other programs. The modules are 
easily inserted and removed from the connector on top of the console. 

This chapter is concerned with the i/o port on the right side of the 
TI-99/4. This port is used for expansion of RAM or ROM and other 
peripherals, such as floppy disks, printers, modems, A/D converters, 
RS-232 interface, speech synthesizers, etc. There is a 44-pin edge 
connector with numbering as shown in Fig. 15-1. The pinout desig- 
nations are shown in Fig. 15-2. 


TI-99/4 SIGNAL DEFINITIONS 


Pin No. Signal Definition 

37 DO Data bus—Bidirectional data lines used to transfer data between 
40 O1 CPU and i/o devices. DO is the most significant bit and D7 is 
39 D2 the least significant bit. See discussion for further explanation 
42 D3 of data transfers. 

35 D4 

38 D5 

36 Dé 

34 D7 


109 


FRONT 


26 


38 


32 


Al4 


PIN 1 (BOTTOM) 


Fig. 15-1. The TI-99/4 pin edge connector. 


Definition 


Address bus—A0O through Al4 are buffered CPU address li, 
with AO being the most significant bit and Al4 the least sig- 
nificant bit. 


A15/CRUOUT Address 15/CRUOUT—The A15/CRUOUT is used as the least 


MEMEN 


significant address bit for normal data transfers and as the 
CRUOUT for CRU operations. If MEMEN is true, this line is A15; 
if MEMEN is false, CRUOUT data appears on this line. See dis- 
cussion for further explanation of A15 derivation and use. 
Write enable—The WE is the CPU write enable gated with addi- 
tional clock logic to generate two i/o cycles which are used to 
transfer 2 bytes of multiplexed data during one CPU transfer. 
See discussion for i/o read and write cycles. 

Memory block enable—The MBE indicates a memory access in 
address block 400—5FFF. It is the CPU MEMEN gated with AO, 
Al, and A2. 

Memory enable—The MEMEN indicates a memory access. It is 
the buffered CPU MEMEN. 


Pin No. 
12 


24 


33 
41 


44 


Signal 
READY/HOLD 


DBIN 


$3 


EXTINT 


RESET 
CRUCLK 


CRUIN 


HOLDA/IAQ 


SBE 


AUDIO IN 


+5V BE 


RESET EXTINT 
AS A10 
Ad All 
DBIN A3 
Al2_ READY/HOLD 
LOAD A8 
A13 Al4 
Al AQ 
A15/CRUOUT A2 
GND CRUCLK 
GND $3 
GND WE 
GND MBE 
AG Al 
A0 MEMEN 
CRUIN D7 
D4 D6 
DO D5 
D2 D1 
HOLDA/IAQ D3 
—5V AUDIO IN 


Fig. 15-2. TI-99/4 pinout designations. 


Ready/hold—The ready/hold is synchronized with CPU clock 62 
and is connected to CPU ready line. If pulled low by a slow i/o 
device, the CPU will insert wait states until line goes high. Not 
connected to CPU hold input line, the ready/hold cannot be 
used for DMA. 

Data bus in—When the DBIN is active, high, the data buffers 
and the CPU are in the input mode. It is the buffered CPU out- 
put line DBIN. 

CPU clock—The 3 signal is an inverted, buffered $3 of the 
CPU clock. 

External interrupt—When active, the EXTINT causes an interrupt 
request to the CPU INTREQ. This is software maskable. The in- 
terrupt vector address is 0004. 

Reset—This signal is the buffered output of a reset circuit which 
resets the CPU and may be used to initialize i/o devices. 

CRU clock—The CRUCLK indicates that data is available on the 
CRUOUT line. It is the inverted, buffered CPU CRUCLK line. 
CRU data in—Data is input to the CPU’s CRU on the CRUIN line. 
Hold acknowledge/ instruction acquisition—When MEMEN is ac- 
tive, the HOLD/IAQ indicates that the CPU is acquiring an in- 
struction. When MEMEN is false it indicates that CPU is in a 
hold state. 

Speech block enable—The SBE indicates a memory access in 
speech memory. The output is true on active MEMEN and even 
addresses between 9000 and 97FE. 

Audio in—The audio in input line for audio signals from the 
speech module. 


Pin No. Signal Definition 


13 LOAD Load—An active signal causes the CPU to execute a nonmask- 
able interrupt with address FFFC containing the trap vector. 
It is the CPU load line. 


1 +5V Supply voltage for speech module (50 mA). 
43 —5V Supply voltage for speech module (50 mA). 
21 GND Ground—Power and signal ground. These four lines are one 
23 GND etch on the edge connector. 
25 GND 
27 GND 
DISCUSSION 


The 9900 is a 16-bit CPU but the i/o port has only eight lines. 
Therefore, on 16-bit data transfers the data is multiplexed. The CPU 
has no A15 (Isb) line, so in the TI-99/4 this line is derived from the 
clock circuitry. The Al5 is high at the beginning of and goes low 
about halfway through a read or write data access instruction. This 
selects first an odd byte, then an even byte address on the i/o port. 
During a read when the odd byte is addressed, the data is latched 
onto the least significant byte (D15-D8) lines of the CPU. The even 
byte is then addressed and the data appears at the most significant 
byte (D7-D0) lines of the CPU. Both bytes are then input to the 
CPU. During a 16-bit write to the i/o port, the CPU outputs a 16-bit 
word with A15 selecting the odd byte first, then the even byte. This 
requires two write signals to the i/o port. The write enable WE on 
the port is derived from the CPU WE gated with logic from the 
clock circuitry to develop an active WE while A15 is high and an- 
other WE while A15 is low. The clock logic also activates the CPU 
ready line that inserts wait states while the i/o read or write multi- 
plexing is performed. 

The 9900 CPU communications register unit (CRU ) is a shift reg- 
ister through which data can be transferred to or from memory or i/o 
devices serially. Data is input on CRUIN and output on CRUOUT 
with CRUCLK indicating a valid output bit. 


CHAPTER 16 


The Digital Group Bus 


Although The Digital Group systems are no longer produced, 
there are several such systems currently in use. 

The bus philosophy used in The Digital Group microcomputers, 
shown in Fig. 16-1, provides for the use of almost any microprocessor 
chip. A nearly complete set of lines allows operation with an 8080, 
a Z-80, and a 6800 or 6502 processor board. The data lines are sepa- 
rated into memory input, memory output, peripheral input and pe- 
ripheral output lines. The address lines are duplicated in memory 
and peripheral address lines. Interrupt and DMA capabilities are 
included. 

A standard motherboard from The Digital Group, Inc., shown in 
Fig. 16-2, has connectors for three memory boards, a processor board, 
a dedicated i/o board, a video terminal board, and three general- 


Courtesy The Digital Group, Inc. 


Fig. 16-1. A microcomputer by The Digital Group, Inc. 
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Courtesy The Digital Group, Inc. 
Fig. 16-2. A populated motherboard. 
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Courtesy The Digital Group: Inc. 
Fig. 16-3. The Digital Group’s standard motherboard. 
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purpose i/o boards. This is more clearly seen by the view of the 
bare motherboard shown in Fig. 16-3. 

Although four different type connectors are used on the mother- 
board, all boards are 12 by 5 inches (30.4 by 12.7 cm). The memory 
boards plug into 86-pin (43 on each side) double-sided edge-card 
connectors. The connectors have a 0.156-inch (0.396-cm) spacing. 
The processor board plugs into a 100-pin, 0.1-inch (0.25-cm), dou- 
ble-sided, edge-card connector. The video board plugs into a 44-pin, 
0.156-inch, double-sided, edge-card connector. 

Each i/o card has two connectors. The i/o bus signals are brought 
to a 44-pin, 0.156-inch, double-sided edge-card connector. A 72-pin, 
0.156-inch, double-sided edge-card connector is also provided to 
serve as the connection points for input and output lines. The lines 
on these connectors are not bused or wired to any other connector 
on the motherboard. They serve only the ports on the board with 
which they are associated. Fig. 16-4 shows an open system with the 
motherboard swung out. Notice the absence of runs to the 72-pin 
i/o connectors on the lower right side of the motherboard. Positive 
indexing is not provided for any of the connectors. 

External connections to the i/o boards are made through the 
backplane board mounted in the left side of the back panel shown 
in Fig. 16-4, Although none are shown, wires join the backplane con- 
nectors and the 72-pin i/o connectors on the motherboard. Two 
22-pin, double-sided, edge-card connectors are available to the user 
as well as connectors specified for keyboard, disk, printer, and digi- 


Courtesy The Digital Group, Inc. 
Fig. 16-4. An open system by The Digital Group, Inc. 


tal cassette deck. Additional user i/o connectors can be mounted 
in holes provided in the back pane]. Since system expansion can be 
accomplished using either the memory or i/o slots, both will be 
examined. 


MEMORY BUS SIGNAL DEFINITIONS 


The memory-connector pinout designations are shown in Fig. 16-5. 


Pin No. 
3-10 


VW 


AE 


29 


2) 


28 


AH 
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MIO-MI7 


MRD 


MO0O-MO7 


MWR 


VMA 


MEMRQ 


ROM CE 


RFSH 


Definition 


Memory input—The memory input lines carry data from mem- 
ory to the processor’s DO-D7 data lines. 

Memory read—The memory-read data strobe is an active-low 
control line that is pulled low by the processor to transfer the 
data on the memory input lines. 

Memory output—The memory output lines carry data from the 
processor’s DO—D7 data lines to memory. 


Memory write—The memory-write data strobe is an active-low 
control line that is pulled low by the processor to transfer data 
on the memory-output lines. 

Wait request—The wait line is an active-low input to the proces- 
sor board. It is used by slow memory to gain more time to set 
up or retrieve data from the memory input or output lines. 
Memory address—The memory address lines are the buffered out- 
puts of the address lines of the processor and carry the number 
of the desired location to memory. 


Valid memory address—The VMA is a processor output that indi- 
cates a stable, valid address on the address lines. {t is available 
only in 6800-based systems. In other systems this line is un- 
defined. 

Memory request—The memory request is an active-low processor 
output that is pulled low to indicate a memory operation in Z- 
80-based systems. It is undefined in configurations using other 
processors. 

ROM chip enable—The ROM CE is an active-low output used to 
enable a bootstrap cassette loader ROM placed in hex locations 
0009 to OOFF. The bootstrap ROM would normally be used only 
during system power-up. This line is controlled by an external 
switch and allows the user to gain those 256 bytes of memory 
space for RAM use after the loader has been used. 
Refresh—The refresh line is an active-low output of the Z-80 
during an op-code fetch M1 cycle. It indicates to dynamic RAM 
refresh circuitry that address lines AQ-A6 contain the next re- 
fresh row address. The refresh circuitry can then perform the 
refresh function without slowing the processor. 

Reset—This line is an active-low input to the processor’s reset 
line. Pulling it low will always rei itialize the system. 
Nonmaskable interrupt—The NMI is an active-low input to the 
processor’s NMI line in Z-80, 6800- and 6502-based systems. 
Pulling it low generates an interrupt request that must be ser- 
viced by the processor. 


VSPARE 
-5V 
M07 
M06 
M05 


1 
2 
3 
4 
s) 
6 
7 
8 
9 


COMPONENT SIDE 


A 
B 
C 
D 
E 
F 
H 
J 

K 
L 
M 
N 
P 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 


Fig. 16-5. The memory-connector pinout designations. 


Pin No. Signal Definition 
23, AF IRQ Interrupt request—The IRQ is an active-low input to the proces- 


sor’s IRQ line. Pulling it low causes the processor to check the 
interrupt status bit and, if not masked, service the request. The 
“I status bit is under software control and can be masked to 
prevent the processor from servicing the request. 

24 RUN Run—The run line is an input that can stop or single step the 
processor through its WAIT line when used with the stop/step 
input. It must be pulled high to allow normal execution. 

AB STEP Step—The step/stop line is an input that is used to single-step 
execution of a program when the processor has been stopped 


W17 


DMARQ, 
DMAG 


SPARE 


+5V 
—5V 
+12 V 
—12V 
VSPARE 


GND 


A 
B 
c. 
D 
E 
F 
H 
J 
K 
L 
M 
N 
P 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 


by the run line. Pulling this line to +5 V will single-step the 
processor, allowing close inspection of execution through front- 
panel indicators. 

Direct memory access request and grant—The DMARQ input is 
used by peripherals to gain control of the buses. When pulled 
high by a peripheral, the processor stops execution and puts its 
address, data out, MRD, MWR, MRQ, and RFSH buffers in a 
high-impedance state. The DMAG line is pulled high to indicate 
that the lines are floating and the DMA operation can begin. 
Spare—These lines are not dedicated and can be user defined. 


+5 V—This power-supply line provides filtered, regulated volt- 
ages. 

—5 V—This power-supply line provides filtered, regulated volt- 
ages. 

+12 V—This power-supply line provides filtered, regulated volt- 
ages. 

—12 V—This power-supply line provides filtered, regulated volt- 
ages. 

Spare voltage—The Vspare is reserved for an additional but yet 
undefined power line. 

Ground—The ground line is the common system power-supply 
and signal-line return. 


+5V +5V l 
—5V GND 2 

P07 PI7 3 

PO6 PIG 4 

POS PI5 5 

PO4 Pid 6 

P03 P13 7 

P02 Pi2 8 

P01 Pil 9 w 
P00 P10 a 
SPARE 10 RD = 
AO A8 = 
Al AQ = 
A2 A10 S 
A3 All 

A4 Al2 

A5 A13 

AG Al4 

AT Al5 

10 WR NMI 

UNDF UNDF 

-12V +12V 


Fig. 16-6. input/output pinout designations. 


I/O SIGNAL DEFINITIONS 


The signals available at the i/o connectors are a limited subset 
of the lines of the processor. They allow use of most parallel and 
serial interface chips. Memory expansion should occur through the 
memory connectors. The i/o pinout designations are shown in Fig. 


16-6. 
Pin No. Signal 
3-10 PIO-PI7 


A 
B 
C 
D 
E 
F 
H 
J 
K 
L 
M 
N 
P 
R 
s) 
T 
U 
V 
W 
X 
Y 
Z 
AA 


Peripheral input—The peripheral input lines carry the comple- 
ment of data from peripherals to the processor’s DO-D7 data 
lines through inverting buffers. The inverters can be replaced 


to transfer noninverted data. 


Line 0 Line 0 l 

Line 1 Line 1 2 

Line 2 Line 2 3 

Line 3 | OUTPUT PORTS INPUT PORTS | Line 3 4 

Line 4 | 0, 4, 8, 12, etc. 0, 4, 8, 12, etc.} Line 4 5 

Line 5 Line 5 6 

Line 6 Line 6 7 

Line 7 Line 7 8 

NO CONNECTION NO CONNECTION 

Line 0 Line 0 

Line 1 Line 1 

Line 2 Line 2 

Line 3 | OUTPUT PORTS INPUT PORTS Line 3 

Line 4 | 1, 5, 9, 13, etc. 1, 5, 9, 13, etc. | Line 4 

Line 5 Line 5 ts 
Line 6 Line 6 2 
Line 7 Line 7 é 
NO CONNECTION NO CONNECTION a 
Line 0 Line 0 £ 
Line 1 Line 1 = 
Line 2 Line 2 mi 
Line 3 | OUTPUT PORTS INPUT PORTS Line 3 

Line 4 | 2, 6, 10, 14, etc. 2, 6, 10, 14, etc.] Line 4 

Line 5 Line 5 

Line 6 Line 6 

Line 7 Line 7 

NO CONNECTION NO CONNECTION 

Line 0 Line 0 

Line 1 Line 1 

Line 2 Line 2 

Line 3 | OUTPUT PORTS INPUT PORTS J Line 3 

Line 4 |3,7,11.15,etc. 3,7. 11, 15, etc. | Line 4 

Line 5 Line 5 

Line 6 Line 6 

Line 7 Line 7 

NO CONNECTION NO CONNECTION 


Fig. 16-7. Suggested peripheral pin designations. 
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12-19, 
N, P, R, 
S,T, U, 
v, W 
20 


21, Y 


M 


1, A, B, 
22, Z 


Signal 
lO RD 


AO-A15 


NMI 


UNDF 
SPARE 


+5V, -5V, 
+12V, -12V 


Input/output read—The i/o read strobe is an active-low con- 
trol line that is pulled low by the processor to transfer data 
on the peripheral input lines. 

Peripheral output—The peripheral output lines carry data from 
the processor’s DO-D7 data lines to peripherals. These lines are 
not inverted. 

input/output write—The i/o write strobe is an active-low con- 
trol line, pulled low by the processor, to transfer data on the 
peripheral output lines. 

Peripheral address—The peripheral address lines carry the de- 
sired i/o port location from the processor to peripherals. Only 
AQ-A7 are active in Z-80- and 8080-based systems. 


Nonmaskable interrupt—The NMI is an active-low input to the 
processor's NMI line on Z-80, 6800- and 6502-based systems. 
When pulled low, the processor must service the request. 
CPU—I/0 undefined—These lines are reserved for processor-i/o 
signals but are not yet defined. 

Spare—The spare is an unspecified undefined line available to 
the user. 

+5V, —5V, +12V, —12V—These power-supply lines pro- 
vide filtered, regulated voltages. 


DISCUSSION 


The 72-pin i/o connector is not connected to any internal lines 
but provides convenient connection from external devices to on- 
board peripheral circuitry. Suggested port- and line-number desig- 
nations of these unconnected pins are given in Fig. 16-7. 


CHAPTER 17 


The LSI-11 and H-11 Bus 


Heath Company’s H-11 computer, shown in Fig. 17-1, is LSI-11* 
based and is plug compatible with DEC’s* LSI-11 bus. It uses the 
DEC LSI-11 processor and executes the PDP-11/03 instruction set. 
Ifeath supports the H-11 with a variety of peripheral boards, and 
the system can accept other LSI-11 compatible boards. 


Courtesy Heath Co. 
Fig. 17-1. The Heath H-11 computer. 


The LSI-11 bus consists of four inline 36-pin edge connectors 
shown in Fig. 17-2. The connectors are designated A, B, C, and D. 
The pins on each connector are designated A, B, C,..., V, excluding 
G, I, O, and Q. Pins on the component side of the board are identi- 
fied by a 1; those on the solder side are identified by a 2. Each pin is 
identified by three characters: the connector letter, the pin letter, 


*LSI-11 and DEC are trademarks of Digital Equipment Corporation. 


PIN AA2 (SOLDER SIDE, 2) 


PIN AA1 


PIN AV1 
PIN AV2 (SOLDER SIDE, 2) 


PINBALL 


PIN BV1 PIN BA2 (SOLDER SIDE, 2) 


PIN BV2 (SOLDER SIDE, 2) 
eet 


Fig. 17-2. An LSI-11 board. 


and the side number. Pin BDI is the fourth pin on the second con- 
nector on the component side of the board. Full-size boards, like that 
in Fig. 17-2, are known as a quad height module. I/o boards are only 
half size and have only connectors A and B. They are known as 
double height modules or standard modules. Boards are notched 
between connectors to ensure proper installation. The pinout of the 
LSI-11 and H-11 bus is shown in Fig. 17-3. All bus signal names be- 
gin with the letter B and end with the letter L, e.g., the BSYNCL 
line is the Bus SYNC Line. 


LSI-11/H-11 BUS SIGNAL DEFINITIONS 


Pin No. Signal 
AU2 BDALOL— 
AV2 BDALI5L 
BA2-BV2 
AJ2 BSYNCL 
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Definition 


Data/address lines 0—-15—The data/address lines are multi- 
plexed to carry both address and program data. The proces- 
sor, or other bus master, indicates that the data/address lines 
hold an address by pulling the sync line high. The processor 
indicates a read or write operation by pulling the DIN or 
DOUT line high. Data transfers on the bus are synchronous 
so a peripheral (memories or other slaves) must signal the 
processor (master) that it has placed data on or taken data 
from the bus by pulling the BRPLY line high. 

Sync—The sync line is an active-high processor output which 
indicates that a valid memory address has been placed on the 
data/ address lines. 


COMPONENT SIDE 


Pin No. 
AH2 


AK2 


CONNECTOR A 


CONNECTOR B 


BSPARE1 +5 

BSPARE2 —12 

BAD16 GND 

BAD17 +12 

SSPARE] BDOUT 

SSPARE2 BRPLY 

SSPARE3 BDIN © 

GND BSYNC S 

MSPAREA BWTBT ba 

MSPAREA BIRQ a 

GND BIAKI = 

BDMR BIAKO 

BHALT BBS7 

BREF BDMGI 

PSPARE3 BDMGO 

GND BINIT 

PSPARE1 BDALO : 

+5B BDALI =) 
= 
a 

BDCOK +5 2 

DPOK —12 mm 

SSPARE4 GND 

SSPARES5 +12 

SSPAREG BDAL2 

SSPARE7 BDAL3 

SSPARE8 BDAL4 2 

GND BDAL5 2 

MSPAREB BDAL6 sal 

MSPAREB BDAL7 S 

GND BDAL8 so 

BSACK BDALS 

BSPARE6 BDALIO 

BEVNT BDAL11 

PSPARE4 BDAL12 

GND BDAL13 

PSPARE2 BDAL14 

+5 BDAL15 


Fig. 17-3. The H-11 and LSI-11 pinout designations. 


Signal 
BDINL 


BWTBITL 


Definition 


Data input line—The DIN line is an active-high output used by 
the processor or other bus master during sync to indicate that 
a memory read or an input operation is about to occur. The 
processor requires a reply, through RPLY, to end an input op- 
eration. The processor also uses the DIN line to indicate that 
an interrupt is being processed by pulling the DIN line high 
while the sync line is low. 

Write/byte—The write/byte is a dual-function, active-high pro- 
cessor output. When pulled high during sync the write/byte 
indicates that a memory write, an output operation, is about 
to occur. If the write/byte line is pulled high during data out, 
the processor is indicating a byte address. 
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Pin No. 


AE2 


AF2 


AT2 


ANI 


AS2 
AR2 


BNI 


AP} 


AL2 


AM2 
AN2 


124 


Signal 
BDOUTL 


BRPLYL 


BINITL 


BDMRL 


BDMGOL 
BDOMGIL 


BSACKL 


BHALTL 


BIRQL 


BIAKIL 
BIAKOL 


Definition 


Data output—The DOUT line is an active-high processor output 
that is pulled high to indicate that a memory write, an output 
operation, is about to occur. The processor demands a reply, 
through RPLY, from the peripheral to end the output opera- 
tion. 

Reply—The RPLY line is an active-high processor input used by 
peripherals, memories, or other slaves, to signal the processor 
that data has been placed on the data/address lines during 
DIN, or that data has been removed from the data/address 
lines during DOUT. The processor must receive the RPLY signal 
to drop the DIN or DOUT and end the data transfer operaton. 
Initialize—The INIT line is an active-high processor output 
that is used to initialize, or reset, devices on the bus after a 
power-up operation. 

Direct memory access request—The DMR is an active-high pro- 
cessor input used by peripherals to request control of the bus 
for DMA operations. The processor, at the end of the current 
bus cycle, recognizes the request with the DMGO signal. 
Direct memory access grant output and direct memory access 
grant input—The DMSO and DMSI lines are used to form a 
daisy chain priority DMA system. The processor’s DMGO is 
connected to the highest priority board’s DMGI. The highest 
priority board’s DMGO is connected to the next lower pri- 
ority board’s DMGI line, etc. When the processor grants a 
DMA request it pulls the DMGO line high. The highest pri- 
ority board receives the signal, and if it requested control of 
the bus, it does not pass that signal to the next board. If the 
highest priority board did not request the bus, it passes the 
DMGO on. The DMGO is passed through the boards until it 
is received by the requesting board. 

Bus acknowledge—The BSACK line is an active-high processor 
input that is used by the peripheral requesting control of the 
bus, via DMR, that it has received DMGO, via the daisy chain, 
and has taken control of the bus. The DMA ends when the pe- 
ripheral pulls the BSACK low and the processor regains control 
of the bus. 

Processor halt—The HALT line is an active-high processor out- 
put used to indicate that the processor has suspended execu- 
tion and is waiting for a DMA request. While in the halt mode 
the processor will not respond to interrupt requests but will 
continue to refresh memory. 

Interrupt request—The IRQ line is an active-high processor in- 
put used by peripherals to request service only if its interrupt 
enable and interrupt request flip-flops are set. The processor 
will acknowledge an interrupt if bit 7 of its PS word is zero 
by pulling the DIN and IAKO lines high. 

Interrupt acknowledge input and interrupt acknowledge out- 
put—The IAKO and IAKI lines are used to form a daisy-chain 
interrupt priority system. The processor responds to an inter- 
rupt request, via IRQ, by pulling its IAKO line high. This line 
is connected to the highest priority board’s IAKi line. The 
highest priority board’s |AKO line is connected to the next 
highest board's IAKI line, etc., to form a daisy chain. A higher 


BRI 


AR} 


AP2 


ACI 
AD] 


BAI 


BBY 


AE1, AFI, 
AH1, BCI, 
BDI, BEI, 
BF1, BHI 
AAI, 
ABI, 

BPI 

AK1, ALI, 
BK1, BLI 
AUI 

BUI 

BSI 

BVI, 
AA2, BA2 
AD2, BD2 
AB2, BB2 
AVI 


AS] 


AJ1, AMI, 
AT2, BJI, 
BM1, BT, 
AC2, BC2 


Signal 


DEVNTL 


BREFL 


BBS7L 


BAD 16, 17 


BDCOKH 


BPOKH 


SSPARE 1- 
SSPARE 8 


BSPARE 1 
BSPARE 2 
BSPARE 6 
MSPAREA 
MSPAREB 
PSPARE 1] 
PSPARE 2 
PSPARE 4 
+5 


+12 
—12 
+5B 
+12B 


GND 


Definition 


priority board not requesting service passes the IAK signal to 
the next lower priority board. When the board that requested 
service receives the IAK signal it places the proper vector on 
the DA lines then pulls the RPLY high. 

External event interrupt request—The EVNT is an active-high 
processor input that is used by devices to request interrupt 
service. The processor responds to this signal by fetching a 
vector from location 1141 and beginning execution of the 
service routine at the vector address. The EVNT is typically 
used as a real-time clock input. 

Memory refresh—The REF line is an active-high processor or 
peripheral output that indicates a refresh cycle for dynamic 
memories on the bus. 

Bank 7 select—The BS7 is an active-high processor output used 
to indicate that the address on the bus is in the upper 4K 
bank. The processor follows the BS7 signal with the SYNC 
signal. 

Extended address bits 16 and 17—The AD 16 and AD 17 lines 
are active-high processor outputs that may be used to extend 
the addressing range. 

DC power OK—The DCOK line is an active-high processor in- 
put that is generated by the power supply and indicates that 
power is available to support reliable system operation. 
Power OK—The POK signal is an active-high processor input 
that is generated by the power supply and indicates that pri- 
mary power is normal. If this line is pulled low during normal 
operation, a power fail trap sequence is initiated. 

Special spare 1-8—The SSPARE lines are not interconnected 
and are reserved for customer use. 


Bus spare 1, 2, 6—The SPARE lines are not assigned but are 
reserved for manufacturer’s use. 


Maintenance spare 1, 2—The MSPAREs are normally intercon- 
nected. 

Spare 1, 2, 4—These SPARE lines are not assigned but are not 
recommended for customer use. 


+5—The +5 line is the system +5-volt de supply li 


+12—The +12 line is the system +12-volt de supply. 
—12—The —12 line is the system —12-volt de supply. 

+5-V battery power—The +58 line supplies battery backup 
+5 volts dc. 

+12-V battery power—The +12B line supplies battery backup 
+12 volts de. 

Ground—The system supply and signal ground lines. 
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CHAPTER 18 


The Multibus 


The Multibus was developed by Intel Corporation for their SBC 
series of boards that includes CPUs, memory, i/o, communications, 
high-speed math, DMA control, and others. Fig. 18-1 shows an SBC 
system with chassis, power supply, backplane with card cage, and 
CPU board. Figs. 18-2 and 18-3 show an SBC 80/20 CPU board and 
a combination memory and i/o expansion board, respectively. Sev- 
eral companies produce a wide variety of boards which will operate 
on the Multibus. 

The SBC series is a general-purpose, inexpensive board set origi- 
nally designed for oem’s so that they would not have to develop their 
own hardware for every new product in which they used an Intel 


Courtesy Intel Corp. 


Fig. 18-1. The SBC-based 80/20 system. 
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Courtesy Intel Corp. 
Fig. 18-2. SBC 80/20 single-board computer. 


processor. The SBC system allows implementation of a tremendous 
variety of inputs and outputs with a small number of boards. Multi- 
master operation having multiplexed CPUs, DMA controllers, and 
disk controllers, controlling the bus is easily realized. 

A typical board for the Multibus is shown in Fig. 18-3. It is 12 
inches (30.4 cm) long, 6.75 inches (17.1 cm) high, and 0.062 inch 
(0.05 cm) thick with two edge connectors along the bottom as 


shown. (The Pl Multibus is on the left in the photo and the P2 
Auxiliary Connector is on the right.) Depending on the board type, 


Courtesy Intel Corp. 


Fig. 18-3. SBC 517. combination i/o expansion board. 
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Fig. 18-4. SBC pinout designations. 
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there may be up to three edge connectors along the top of the board. 
The 86-pin Pl (Multibus) edge-connector pins are numbered from 
left to right as the board is viewed in Fig. 18-3. The odd pin numbers 
are on the component side and the even pin numbers are on the op- 
posite side. The pinout designations are listed in Fig. 18-4. 


67-74 
59-66 
19 


20 


21 


43-58 


35-41 


1, 2, 

11, 12, 
75, 76, 
85, 86 


BUSY 


AACK 


GND 


SBC SIGNAL DEFINITIONS 


Definitions 


Data bus—Active low, bidirectional. 

Data bus—For upper 8 bits in 16-bit systems. 

Memory read command—A low indicates that a certain memory 
location is on the address bus and its contents are to be put on 
data bus. 

Memory write command—A low indicates that a certain memory 
location has been addressed and data to be written into it is on 
the data bus. 

Io read command—A low indicates that an input port has been 
addressed and the data at that port is to be placed on the data 
bus. 

I/o write command—A low indicates that an output port has been 
addressed and that the data bus contents are to be outputted. 
Address bus—Active-low address lines. 

(nitialize—A low resets the entire system. 

Bus priority in—A low indicates that no higher priority master 
module is requesting use of the system bus. It is connected to 
signal ground in a single master system; synchronized with BCLK 
in a multimaster system. It is not bused on the motherboard. 

Bus priority out—Connected to BPRN of master module with next 
lower bus priority. A low indicates to the next lower master mod- 
ule that a higher priority master is in control of the buses. It is 
not bused on motherboard. 

Bus busy—A low indicates that the bus is currently in use and 
prevents other master modules from gai ing control. 

Bus request—A low indicates that a particular master module re- 
quires use of the bus. It is synchronized with BCIK. 

Transfer acknowledge—A low from a memory location or i/o port 
indicates that the specified read/write operation is complete. 
Advanced acknowledge—A low allows memory to complete access 
without having the CPU wait. 

Direct interrupt—A low from an external device generates an i 
terrupt request. 

Parallel interrupt requests—A low from an external device gener- 
ates an interrupt request. 

Bus clock—Used to synchronize bus control circuits on all master 
modules. It may be slowed, stopped, or single stepped. 
Constant clock—Provides a clock signal of constant frequency for 
use by optional memory and i/o boards. 

Signal ground. 
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3-6, 
81-84 
7,8 
9,10 
79, 80 
24 


26 
27-30, 


32, 34 
77,78 


+ 5-Vde regulated voltage. 


+ 12-Vdc regulated voltage. 

—5-Vdc regulated voltage. 

— 12-Vdc regulated voltage. 

Inhibit 1—Disables RAM memory devices. Allows ROM to override 
RAM in same address. 

Inhibit 2—Disables ROM memory devices. Allows auxiliary ROM 
to override ROM in same address. 

Undefined—These lines are undefined on the bus. 


—10 Vdc (for MDS 800 compatibility). 


CHAPTER 19 


The Exorcisor Bus 


Motorola introduced the Exorcisor as a system development and 
debugging aid for their 6800 microprocessor and its family of sup- 
port chips. It is widely used in industry and has grown in popu- 
larity among hobbyists. A wide variety of system configurations is 
available, ranging from single-board computers, like the 68MM 01A 
shown in Fig. 19-1, to expanded disk-based systems. The tty-based 
EVKI and hex keypad and display-based EVKII (shown unassem- 


Saisie ein sininn 
wee 


Courtesy Motorola, Inc. 


Fig. 19-1. An Exorcisor-compatible micromodule system. 


bled in Fig. 19-2) have been popular hobbyist systems. Over 20 
companies produce Exorcisor compatible boards, of which most are 
data conversion boards. 


Courtesy Motorola, Inc. 


Fig. 19-2. Motorola’s 6800 Evaluation Kit Il. 


Exorcisor boards are 5% by 954 inches (14.6 by 24.7 cm). They use 
an 86-pin (43 on each side) edge connector as shown in Fig. 19-1. 
No positive indexing is provided on all system boards. 


EXORCISOR BUS SIGNAL DEFINITIONS 


The Exorcisor bus pinout designations are shown in Fig. 19-3. 


Pin No. Signal Definition 

29-32, DO-D7 Data bus—The bidirectional data bus lines over which data 
H, J, K, t passes between the processor and the peripherals. 

6 R/W Read/write—The read/write lines are an output from the pro- 


cessor that informs peripherals of the direction of data trans- 
fer. It is high during a read operation and low during a write 


operation. 
33-40, A0-Al15 Address bus—The address bus lines are outputs from the pro- 
M,N, P, cessor that carry the desired address to the peripherals. 
R-V 
F VMA Valid memory address—The valid memory address line is a pro- 


cessor output that is high when the address bus lines contain 
a valid address (normally during the clock 1). In an Exorcisor 
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+5V 
+5V 
+5V 


GO/HLT 
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B 
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R 
S 
T 
U 
V 
W 
X 
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Fig. 19-3. The Exorcisor bus pinout designations. 


10 


7,3 
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Signal 


VUA 


RESET 


GO/HLT 


BA 


TSC 


$1, 62 


MEM RDY 


MEM CLK 


Definition 


system the VMA feeds only the executive DEBUG module, which 
generates the VUA signal. 

Valid user address—The valid user address line is a DEBUG 
module output that is high when the address bus contains a 
valid address for any location other than one in the EXBUG 
monitor. It replaces the VMA for peripherals. 

Reset—The reset line is the output of a one-shot used to reset 
the processor and peripherals. An input cannot be applied to 
this line without circuit modification. 

Nonmaskable interrupt—The nonmaskable interrupt input feeds 
the processor's NMI. When pulled low by a peripheral, the 
processor finishes the current instruction, stores the internal 
registers on the stack, loads the NMI vector into the program 
counter, and begins execution of the NMI service routine. 
Interrupt request—The interrupt request input feeds the IRQ of 
the processor. When pulled low by a peripheral, the processor 
finishes the current instruction, checks the “I flag in the CCR 
and, if it is reset, stores the internal registers on the stack. It 
then loads the IRQ vector into the program counter and begins 
execution of the IRQ service routine. 

Go/halt—The go/halt line is an input to the halt line of the 
processor. When pulled low, it causes the processor to suspend 
all operations, pull the BA high, pull the VMA low, and put all 
other lines in a high-impedance state. 

Bus available—The bus available line is an output that indicates 
whether the processor is running or has been stopped. It is low 
when the processor is executing a program. It is pulled high 
when the processor is stopped by the halt input or the execu- 
tion of a wait instruction. By watching the BA line, an external 
device can verify that the processor has stopped and its lines 
are floating, thus allowing DMA. 

Three-state control—The three-state control line is an input to the 
processor that, when pulled high, causes the address bus and 
R/W line to float and pulls the VMA and BA low. An external 
device can then use the address bus in DMA operations. The 
system clock must also be stopped with $1 high and $2 low. 
Unfortunately, the clock can be stopped for only a short period 
since the processor is a dynamic chip. 

1, @2—The two-phase, nonoverlapping system clock which syn- 
chronizes all operations. 

Memory ready—The memory ready line is an input to the system 
clock circuitry that allows the processor to work with slow mem- 
ories by stretching the @2 signal. (Stretching a clock cycle is mo- 
mentarily stopping the clock while both @1 and @2 signals are 
held steady.) When pulled low by address decoding logic associ- 
ated with slow memory, the @2 clock signal is lengthened. This 
gives the memory more time to present data to or take data 
from the data bus. The @2 signal is stretched since all data 
transfers occur during its occurrence. 

Memory clock—The memory clock line is a @2 output of the 
system clock circuitry. It leads the @2 signal by about 10 ns. 
It is used by dynamic memory circuits to synchronize refresh 


Signal 


REF CLK 


REF REQ 


REF GNT 


+5 V 
+12V 
—12V 


GND 


UNDF 


Definition 


operations with the processor. It is not affected by clock stretch- 
ing signals. 

Refresh clock—The refresh clock is the output of an astable mul- 
tivibrator in the dynamic memory refresh circuitry. It is used to 
generate the REF REQ signa! and to control the refresh counters. 
Refresh request—The refresh request line is an input to the sys- 
tem clock that is driven by the refresh circuitry on a dynamic 
memory board. The REF REQ line is pulled low periodically to 
inform the processor of the need to refresh dynamic RAM. The 
processor responds to this signal with the REF GNT, which sets 
the REF REQ line high, clearing it. 

Refresh grant—The refresh grant line is an output of the system 
clock generator that acknowledges an input on the REF REQ 
line. When the REF REQ is received, the REF GNT is pulled high 
at the beginning of the next clock 1. This signa! clears the 
REF REQ and indicates that the cycle beginning can be used as 
a refresh cycle. The 1 signal is stretched during the refresh 
and the processor continues program execution during the fol- 
lowing @2 cycle. Refreshing dynamic RAM in this manner is 
known as cycle stealing. 

+5 V—The 5-Vdc line is a regulated power input that should 
be able to supply 15 amperes. 

+12 V—The +12-Vdc line is a regulated power input that 
should be able to supply 2.5 amperes. 

—12 V—The —12-Vdc line is a regulated power input that 
should be able to supply 1.0 ampere. 

Ground—The ground line is the common return for all system 
supplies and signals. 


Undefined—These lines are undefined on the bus and may be 
dedicated to special functions by the user. 
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CHAPTER 20 


The Versabus 


Motorola developed the Versabus to accommodate a wide variety 
of processors including the 8-bit 6800, the 16-bit 68000, and the to- 
be-announced 32-bit machine. The Versabus has 260 pins and re- 
quires rather large, 14.5- by 9.14-inch (36.8- by 23.2-cm), full-size 
boards, as shown in Fig. 20-1. The bus is divided between two edge 
connectors: Pl and P2. Connector Pl includes those signal lines 
needed for 8- and 16-bit processor operation, while P2 includes the 
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Courtesy Motorola, Inc. 


Fig. 20-1. Versabus board that allows operation of smaller Exorcisor boards. 
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additional data and address lines needed for 32-bit processor opera- 
tion as well as i/o lines. An 8- or 16-bit processor can be implemented 
using only connector Pl on an 8- by 9.25-inch (20.3- by 23.5-cm) 
board. The Versabus pinout is given in Figs. 20-2 and 20-3. 


Connector 
and Pin No. 


Pl 5-20 


P2 


Pl 
P2 


PI 


P2 


Pl 


P2 


PI 


P2 


Py 


P} 


Pl 


Pl 


105-120 


25-26 
99-100 


21-22 


103-104 


36-58 


30 


34 


29 


VERSABUS SIGNAL DEFINITIONS 


Signal 
Bo00-D15 


D1é-D31 
DS0-DS3 


BPARITYO— 
DPARITY3 


WRITE 


Definition 


Data bus 0-15—The data bus 0-15 lines are active-low 
bidirectional lines that carry data and instructions be- 
tween the processor and all peripherals. 

Data bus 16-31—The data bus 16-31 lines to be used 
in 32-bit systems. 

Data strobe 0—-3—The data strobe lines are active-low 
lines used by the bus master to indicate on which data 
bus lines data will be transferred. Data will be trans- 
ferred on lines D00-D07 when DSO is low; on 508-D15 
when DS7 is low; on BT6-D23 when DS2 is low; and 
on D24-D31 when DS3 is low. By using a combination 
of data strobe lines an 8-, 16-, or 32-bit data transfer 
can be performed. 

Data parity O-6—The data parity lines are active-low 
lines used to indicate odd parity on the 4 data bytes, 
B00-D31. Data parity line 0 is used with BOO-DO/7; 
data parity line 1 is used with BD08-D15; data parity 
line 2 is used with B16—D23; data parity line 3 is used 
with B24-D31. 

Address bus 01-—23—The address bus 01-23 lines are 
active-low bus master outputs used by the master to 
indicate the location needed in the current operation. 
Address bus 24-31—The address bus 24-31 lines are 
active-low address lines to oe used in 32-bit systems. 
Address parity 0 and 1—The address parity 0 and 1 
lines are used with AOI-A23 and A24-A31, respec- 


tively, to indicate odd parity. 


Extended address—The extended address is an active- 
low bus master output that is used to indicate that the 
address requested is beyond the lowest 16 megabytes. 
Address strobe—The address strobe is an active-low bus 
master output that is pulled low when the address lines 
have settled and hold a valid address. 

Write—The write line is an active-low bus master out- 
put that is used to indicate a read or write operation. 
The write is pulled high for a read operation and 
pulled low for a write operation. 

Data transfer acknowledge—The DTACK line is an ac- 
tive-low bus master input that is produced by the pe- 
ripheral involved in the current processor operation. 
It is pulled low by..a peripheral during a write cycle 
to indicate that data has been latched from the data 
bus and it is pulled low during a read cycle to indicate 
that data has been placed on the data bus. The bus 
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Fig. 20-2. Versabus P1 connector pinout designations. 
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GND 

GND 

GND 

+5V 

+5V 

+12V 

GND 

~12V 

V0 NOT BUSED 
VO NOT BUSED 
0 NOT BUSED 
VO NOT BUSED 
VO NOT BUSED 
V0 NOT BUSED 
V0 NOT BUSED 
VO NOT BUSED 
V0 NOT BUSED 
VO NOT BUSED 
V0 NOT BUSED 
V0 NOT BUSED 
V0 NOT BUSED 
V0 NOT BUSED 
VO NOT BUSED 
V0 NOT BUSED 
V0 NOT BUSED 
(0 NOT BUSED 
VO NOT BUSED 
VO NOT BUSED 
V0 NOT BUSED 
V0 NOT BUSED 
VO NOT BUSED 
0 NOT BUSED 
(0 NOT BUSED 
~15V 

+15V 

SERCOM 1 
SERCOM 3 
RESERVED 
RESERVED 
RESERVED 


GND 

GND 

GND 

+5V 

+5V 

+12V 

GND 

—12V 

0 NOT BUSED 
YO NOT BUSED 
V0 NOT BUSED 
V0 NOT BUSED 
0 NOT BUSED 
0 NOT BUSED 
YO NOT BUSED 
0 NOT BUSED 
(0 NOT BUSED 
VO NOT BUSED 
VO NOT BUSED 
YO NOT BUSED 
VO NOT BUSED 
V0 NOT BUSED 
VO NOT BUSED 
V0 NOT BUSED 
V0 NOT BUSED 
V0 NOT BUSED 
VO NOT BUSED 
0 NOT BUSED 
V0 NOT BUSED 
0 NOT BUSED 
0 NOT BUSED 
VO NOT BUSED 
(0 NOT BUSED 


IMIS 83070S 


Fig. 20-3. Versabus P2 connector pinout designations. 
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Connector 
and Pin No. 


Pl 59 


Pl 


Pi 


Pl 


Pl 


PT 


Pl 


Pl 


Pl 


PI 


Pl 


140 


74 


81 


82 


75 


76 


107-111 


12 


97, 99, 
101, 103, 
105; 98, 
100, 102, 
104, 106 


IOEN 


RAMDIS 


ROMDIS 


SYSRESET 


RETRY 


SYSPAUSE 


SYSPACK 


BRO-BR4 


BBSY 


BGOIN-BG4IN 
and 


BGOOUT-BG40UT 


Definition 


master must receive the DTACK signal to complete the 
current operation. 

Input output enable—The IOEN is an active-low bus 
master output that is pulled low to indicate that ad- 
dress lines AI-A15 hold the address of an i/o device. 
RAM disable—The RAMDIS is an active-low line used to 
disable, or float, a section of the system’s RAM. Use of 
the RAMDIS allows i/o overlays in RAM space. A block 
of i/o devices may, when RAMDIS is active, occupy the 
addresses normally used by RAM. 

ROM disable—The ROMDIS is an active-low line used to 
disable, or float, a section of the system’s ROM. Use of 
the ROMDIS allows i/o overlays in ROM space. A block 
of i/o devices may, when ROMDIS is active, occupy the 
addresses normally used by ROM. 

System reset—The system reset is an active-low input 
signal that, when pulled low, initiates a system reset 
cycle. 

Bus error—The BERR is an active-low bus master input 
pulled low by a peripheral when an unrecoverable er- 
ror has occurred and the current bus cycle must be 
ended. 

Retry—The retry is an active-low bus master input 
pulled low by a peripheral when an error has occurred 
and the current operation must be attempted again. 
System pause—The system pause is an active-low signal 
that is used to cause all system processors to enter a 
wait state until the line is pulled high. 

System pause acknowledge—The SYSPACK is an active- 
high open-collector line that indicates that all proces- 
sors in the system have received the SYSPAUSE and 
have entered wait states. 

Bus request 0-4—The bus request lines are active-low, 
vectored bus request lines. BRO has the highest priority. 
Each line may have several masters connected in a daisy 
chain configuration. When low, the bus request lines 
signal the current bus master that another master needs 
to use the bus. If the requesting master has a higher 
priority, the current master will be forced to relinquish 
control of the bus. 

Bus busy—The BBSY is an active-low bus master output 
that indicates the current master is using the bus and 
that lower priority masters must wait until the current 
master is finished before they can gain access to the 
bus. The current master pulls the BBSY line high as it 
begins its last cycle. 

Bus grant input O—4 and bus grant output 0-4—The bus 
grant input 0O—4 and output 0-4 lines form daisy chains. 
that correspond to each of the bus request lines, BRO- 
BR4. Each board receives its signal on the bus grant in- 
put line from the next higher priority board’s bus 
grant output line. Only one of the five bus grant daisy 
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Pl 113 


Pl 114 


Pl 87-93 


Pl 94 


Pl 95, 96 


Pl 79 


BREL 


IACK 


IACKIN 
IACKOUT 


TEST 


Definition 


chains is activated by the processor at a time. If a 
board has requested use of the bus, by pulling its bus 
request line low, it also inhibits its bus grant output 
line, thereby disabling lower priority bus requests in 
that chain. The current master’s bus grant output rip- 
ples down the chain selected on the basis of the pr‘or- 
ity of the bus request until it encounters the highest 
priority requesting device. That board may then gain 
control of the bus. 

Bus clear—the bus clear is an active-low bus master in- 
put used by the bus arbitrator to inform the current 
bus master that a master with a higher priority is re- 
questing the bus and the current master must relinquish 
it at the end of the current operation. 

Bus release—The bus release is an active-low bus master 
input used by a peripheral to inform the current bus 
master that it must release the bus within 16 bus cycles 
and it also causes the bus arbitrator to recognize only 
a request on BRO. 

Interrupt request 1-7—The IRQ 1-7 lines are active-low 
bus master interrupt inputs. The IRQ lines are software 
maskable and are prioritized with IRQ7 having the 
highest priority and IRQ] the lowest priority. 
Interrupt acknowledge—The interrupt acknowledge line 
is an active-low bus master output that is used by the 
master to acknowledge recognition of the interrupt re- 
quest and ask that an interrupt vector be placed on 
data bus lines DO-D7. The bus master also outputs on 
KO-A3 the interrupt lines, IRQI-IRQ7, to be serviced. 
Interrupt acknowledge in and interrupt acknowledge 
out—The IACKIN and TACKOUT lines are used to form 
a daisy chain interrupt priority scheme. The IACKIN fine 
is fed by the next higher priority board’s IACKOUT. 
The chain is fed by the TACK line and the [ACK signal 
is passed along the [ACKIN-IACKOUT chain until it 
reaches a board requesting an interrupt. That board 
compares the level to be serviced, which the bus mas- 
ter has placed on AO-A3, with its own level. if they 
match, it places the interrupt vector that points to its 
service routine on DO—-D7 and inhibits its [ACKOUT, 
thereby preventing a lower priority board from re- 
sponding. A level 7 board requests an interrupt by 
pulling IRQ7 low. The bus master responds by pulling 
the TACK low. The TACK is fed to TACKIN on the high- 
est priority board on each of the seven IRQ lines. The 
board requesting an interrupt can respond with a vec- 
tor only if the bus master has output its IRQ line 
number on AQ-A3 and if a higher priority board in 
its line has not requested service. The responding 
board places its vector on the bus and pulls the DTACK 
low. 

Test—The TEST is an active-low line that forces all in- 
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63 


83-86 


70 


69 
17-66 


35, 115— 
118 
75-87 
78 


65 


1, 2, 
129-132 
7-10 
133-134 


125-128 
11,12 
121-122 
15-16 
69, 70 


67, 68 
3, 4, 23, 


24, 27, 28, 
31, 32, 61, 


SECMAP 


SECIEN 


SECRESET 


FCO-FC3 


SYSCLK 


ACCLK 
1/O PIN 


RESERVED 


ACFAIL 


PDOWN 


+5V 


+5STDBY 


+12V 
—12V 
+15V 
— 15V 


GND 


Definition 
telligent boards on the bus to begin self-diagnosis rou- 
tines. 
Secondary map—The SECMAP is an active-low bus mas- 
ter output that is used to select devices in the second- 
ary memory map. A system on the Versabus may have 
two memory maps with devices at the same locations. 
The bus master can enable devices in the second mem- 
ory map and disable devices in the primary memory 
map by pulling SECMAP low. 
Secondary interrupt enable—The SECIEN is an active- 
low bus master output used to enable interrupt and 
bus requests from devices in the secondary map. 
Secondary reset—The SECRESET is an active-low bus 
master input that initiates reset of devices in the sec- 
ondary map only. 
Function code 0-3—The function code lines are active- 
low bus master outputs that indicate the current state 
of the bus master. The code used on these lines is pro- 
cessor specific. 
System clock—The system clock is a processor-indepen- 
dent 16-MHz signal that is generated by the bus master 
and may be used for timing operations. 
Ac clock—The ac clock line carries a signal that follows 
the power line frequency. 
Ifo pin—The i/o pins are lines that can be used for 
user-specific input and output functions. 
Reserved—The reserved lines are defined for use in 32- 
bit processor systems. 


Ac failure—The ACFAIL is an active-low bus master in- 
put that is pulled low when the primary ac input falls 
below the specified operating level. 

Power down—The power down is an active-low bus 
master input that is pulled low when de supply volt- 
ages fall below the specified operating levels. 

+5 V—The +5-V line provides regulated +5 volts dc 
to system devices. 


+5 V standby—The +5-V standby lines provides regu- 
lated +5 volts dc to devices that require battery 
backup when the +5-V supply is not operating. 
+12 V—The +12-V line provides regulated +12 volts 
dc to system devices. 

—12 V—The —12-V line provides regulated —12 volts 
dc to system devices. 

+15 V—The +15-V line provides regulated +15 volts 
dc to system devices. 

—15 V—The —15-V line provides regulated —15 volts 
de to system devices. 

Ground—The ground line is the common return for all 
system power supplies. 
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and Pin No. Signal Definition 
62, 67, 68, GND Ground—The ground line is the common return for all 
71, 72, 119, system power supplies. 
129, 123, 
124, 135~- 
140 


P2 1-6, 13, 14, 
97, 98, 101, 
102 
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CHAPTER 21 


The STD Bus 


The STD bus was developed by Pro-Log and MOSTEK and is 
supported by more than 30 manufacturers. It differs from Intel’s SBC 
and most other industrial buses in that it uses small, single-function 
boards that allow a system to contain only those functional blocks 
needed. A typical STD system, shown in Fig. 21-1, might consist of 


Courtesy Pro-Log Corp. 
Fig. 21-1. A typical STD system. 
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Courtesy Pro-Log Corp. 
Fig. 21-2. An STD processor board. 


a processor board, a ROM board, a RAM board, and as many parallel 
or serial i/o boards as needed to perform the required task. Dedi- 
cated systems are easily assembled using the small boards. 

The STD bus accepts boards which are 6.5 inches (16.5 cm) long 
and 4.48 inches. (11.3 cm) wide. An STD processor board is shown 
in Fig, 21-2. The STD uses a 56-pin, at 0.125 inch (0.317 cm), dual 
edge connector. The bus pinout designations are presented in Fig. 
21-3. The STD is specified to be compatible with a variety of 8-bit 
processors and Z-80, 8085, 6800, and 6809 systems have been imple- 
mented on it. Because it can support several processors, STD lines 
are generally defined and allow processor specific definitions by 
processor board manufacturers. 


STD SIGNAL DEFINITIONS 


Pin No. Signal Definitions 


7-14 DO-D7 Data bus—The bidirectional data bus Jines carry data between the 
processor and peripherals. 
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Pin No. 
32 


31 


15-30 


34 


33 


45 


146 


Signal 
RD 


a 


WR 


WAITRQ 


+5V +5V 
GND GND 
—5V —5V 
D7 D3 
D6 D2 
D5 D1 
D4 DO 
Al5 A7 
Al4 A6 
Al3 A5 
Al2 A4 
All A3 
Al0 A2 
AS Al 
A8 A0 
RD _WR 
MEMRQ IORQ 
MEMEX IOEXP 
MCSYNC REFRESH 
STATUSO STATUS] 
BUSRQ BUSAK 
INTR INTAK 
NMIRQ WAITRQ 
PBRESET SYSRESET 
CNTRL CLOCK 
PCI PCO 
AUX GND AUX GND 
AUX —V AUX +V 


Fig. 21-3. STD bus pinout designations. 


Read—The read line is an active-low processor output that signals 
the selected memory or i/o device to place data onto the data bus. 
Write—The write line is an active-low processor output that signals 
the selected memory or i/o device that the data present on that 
data bus is valid and should be latched. 

Address bus—The address bus is used by the processor to select the 
desired memory or i/o location. 

Memory request—The memory request line is an active-low proces- 
sor output that signals the presence of a valid memory address on 
the address bus. It is commonly used to enable memory devices 
and boards. 

1/0 request—The i/o request line is an active-low processor output 
that signals the presence of a valid i/o address on the address bus. 
It is commonly used to enable i/o devices and boards. The i/o re- 
quest line may also be used with the MI line during the processor's 
response to an interrupt request to signal that an interrupt vector 
should be placed on the data bus by the device requesting service. 
Use of the 1ORQ for interrupt response occurs during the Ml pe- 
riod only. 

Wait request—The wait request line is an active-low input to the 
processor used by slow memory or i/o devices to put the processor 
into a wait cycle. 


Pin No. 
36 


35 


38 


39 


40 


37 


47 


48 


46 


44 


43 


53, 52 


42 


4] 


49 


Signal 
MEMEX 


STATUS 1 


STATUSO 


REFRESH 


SYSRESET 


PBRESET 


NMIRQ 


INTRQ 


INTAK 


PCO, PCI 


BUSRQ 


BUSAK 


CLOCK 


Definitions 


Memory expansion—The memory expansion line is an active-low 
processor output that is used to expand memory addressing or en- 
able memory devices. If unused in a system, this line is tied to 
ground. 

1/0 expansion—The i/o expansion line is an active-low processor 
output that is used to expand i/o addressing or enable i/o devices. 
If unused in a system, this line is tied to ground. 

Machine cycle sync—The machine cycle sync line is an active-low 
processor output that occurs once during each machine cycle. The 
specific function of this signal depends on the processor used. It is 
the SYNC on the 8080, the ALE on the 8085, the RD, WR, and INTAK 
ANDed on the Z-80, and the @2 on the 6800 and 6502. 

Status 1—The status 1 line is an active-low processor output that 
indicates the beginning of an op-code fetch. The specific nature of 
this signal depends on the processor used. It is the M1 signal on 
the 8080, the S1 on the 8085, the M1 on the Z-80, the LIC on the 
6809, and not generated by the 6800. 

Status O—The status 0 line is an active-low processor output that is 
status 1 inverted on the 8085 and the valid memory address on the 
6800. It is not available from the 8080, Z-80, or 6809. 

Refresh—The refresh line is an active-low line that signals the be- 
ginning of a refresh of dynamic memory cycle. The Z-80 provides 
the refresh signal. In systems not using the Z-80 the refresh must 
be supplied by another board. 

System reset—The system reset line is an active-low output from 
the system reset circuitry to all system boards. It may be triggered 
by the power on process or by pushing the reset button. 
Push-button reset—The push-button reset line is an active-low input 
to the system reset circuitry from a manually activated reset button. 
Nonmaskable interrupt—The nonmaskable interrupt request line is 
an active-low input to the processor’s NMI or highest priority inter- 
rupt line. 

Interrupt request—The interrupt request line is an active-low input 
to processor’s maskable interrupt input line. 

Interrupt acknowledge—The interrupt acknowledge line is an active- 
low processor output that signals the device requesting an interrupt 
on the INTRQ line that the interrupt has been granted. In vectored 
interrupt systems it signals the requesting device to place an inter- 
rupt vector on the data bus. 

Priority chain out, priority chain in—These lines provide a position- 
dependent interrupt priority system when used in conjunction with 
the INTRQ. (See the Apple {! INT IN/OUT descriptions for an ex- 
planation of a position dependent interrupt priority system.) 

Bus request—The bus request line is an active-low input that causes 
the processor to halt at the end of the current machine cycle and 
float the data, address, and control lines. In multiple processor sys- 
tems this line may be an input, output, or bidirectional. 

Bus acknowledge—The bus acknowledge line is an active-low pro- 
cessor output used to indicate that the processor has floated the 
data, address, and control lines in response to a bus request input. 
Clock—The clock line is an active-low signal that may be used to 
synchronize system operations or other unspecified functions. 
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Pin No. 
50 


1,2 
5,6 
3,4 
55 
56 


53,54 
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Signal 
CNTRL 


GND 
AUX +V 
AUX —V 


AUX GND 


Definitions 


Control—The control line is an unspecified timing line that may be 
a processor input or output. It is typically used as an external 
clock input to the processor. 

+5 V—The +5-volt lines supply power to the logic circuits in the 
system. 

—5 V—The —5-volt lines supply power to the logic circuits in the 
system. 

Ground—The ground line is the common power return for all logic 
circuits in the system. 

Auxiliary positive voltage—The auxiliary positive voltage line sup- 
plies +12 volts to the system. 

Auxiliary negative voltage—The auxiliary negative voltage line sup- 
plies —12 volts to the system. 

Auxiliary ground—The auxiliary ground line is the common return 
for the auxiliary supplies. 


CHAPTER 22 


The IEEE 488 Bus 


The IEEE Standard 488-1978 defines a bus which is becoming very 
popular for electronic instrumentation. This standard has allowed in- 
strument companies to build devices that can be easily used with 
different types of devices made by other companies. A system’s hard- 
ware can be set up by simply plugging the devices together. Before 
the bus standard, an engineer designing an automatic test system 
would have to connect many kinds of cables with a wide variety of 
signals between the various instruments and controller(s). 

There are three types of interface devices which can be connected 
to the bus: listeners, talkers, and controllers. Actually some devices 
are a combination of two or all of these, e.g., talker and listener. See 
Fig. 22-1 for examples. The bus standard allows a maximum of 15 
devices and a maximum cable length of two times the number of 
devices (in meters) or 20 meters, whichever is less. A minimum con- 
figuration usually consists of one controller, one talker, and one lis- 
tener (actually there could just be one talker and one listener). The 
bus allows multiple controllers which can transfer control back and 
forth. 

Fig. 22-2 shows a bus controller with a keyboard for programming 
it. Once the controller is programmed, the keyboard can be removed. 
Fig. 22-3 shows two IEEE 488 instruments: a digital multimeter and 
a printer. 

The bus is organized into three sets of signals: eight data lines, 
three data byte transfer control lines, and five general interface 
management lines. These are shown in Fig. 22-1 and the pinout des- 
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DATA BUS 


DATA BYTE 
TRANSFER 
CONTROL 


GENERAL 
INTERFACE 
MANAGEMENT 


DEVICE 1 
CAN CONTROL, TALK 
AND LISTEN 
(CALCULATOR, COMPUTER) 


DEVICE 2 
CAN TALK AND LISTEN 
(DIGITAL MULTIMETER) 


DEVICE 3 
CAN LISTEN ONLY 
(FUNCTION GENERATOR, 
POWER SUPPLY) 


DEVICE 4 
CAN TALK ONLY 
(FREQUENCY COUNTER) 


Fig. 22-1. An IEEE 488 system. 
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Courtesy Fluke, Inc. 


Fig. 22-2. IEEE 488 bus controller. 


ignations are given in Fig. 22-4. Note that there are several ground 
lines and a shield line, making a total of 24 lines. Data and interface 
messages are transmitted on the eight data lines in a bit-parallel, 
byte-serial, asynchronous, and bidirectional manner. The bus em- 
ploys active-low (negative) logic where the more negative voltage 
is a true. The levels are typical TTL values. 


Courtesy Fluke, Inc. 
Fig. 22-3. IEEE 488 instruments. 
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Pin No. 
1 


a & © Nb 


DI01 
DI02 
DIO3 
DIO4 

EOI 
DAV 


NFRD 
NDAC 


IFC 
SRQ 
ATN 


SHIELD 


Signal 
DIO} 


DIO2 
DIO3 
DIO4 
EOI(24) 


DAV 


DI05 
DIO6 
DI07 
DI08 
REN 

GND, (6) 
GND,(7) 
GND,(8) 
GND,(9) 
GND,(10) 
GND,(11) 
GND, LOGIC 


— js pe 
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Fig. 22-4. IEEE 488 pinout designations. 


IEEE 488 SIGNAL DEFINITIONS 


Definition 


Data input output 1—DIO1—DIO8 are the eight bidirectional lines 
over which data is transmitted. Used to carry all interface and 
device dependent messages. The data on these lines may be in 
different forms at different times during usage e.g., 5-bit ad- 
dresses, 8-bit binary numbers, two bcd values, ISO (ANSI) codes 
symbols and numbers (V for voltage), and one, two, or N bits of 
status information. 

Data input output 2—See pin 1}. 

Data input output 3—See pin 1. 

Data input output 4—See pin 1. 

End or identify—Used by a talker to indicate the end of a multiple- 
byte transfer sequence, or, by a controller in conjunction with 
ATN pin 11, to execute a parallel polling sequence. 

Data valid—Used to indicate the condition (availability and valid- 
ity) of information on the DIO signal lines. Part of the handshake 
routine. See discussion for use of DAV, NRFD, and NDAC. 

Not ready for data—Used to indicate the condition of readiness 
of devices to accept data. Part of the handshake routine. 
Interface clear—Used by a controller to place the interface sys- 
tem, portions of which are contained in all interconnected devices, 
in a known state. 

Service request—Used by a device to indicate the need for atten- 
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18 


19 
20 
21 
22 
23 
24 


Signal 


ATN 


SHIELD 


DIO5 
DIO6 
DIO7 
DIO8 
REN(24) 


GND, (6) 


GND, (7) 
GND, (8) 
GND, (9) 
GND, (10) 
GND, (11) 
GND, LOGIC 


Definition 


tion and to request an interruption of the current sequence of 
events. When the line is pulled low by any system element to get 
the controller’s attention, the controller responds at its discretion 
by conducting either a serial or parallel poll to identify the re- 
questing device(s). See discussion on polls. 

Attention—Used by a controller to specify how data on the DIO 
signal lines are to be interpreted and which devices must respond 
to the data. If this line is in the logic 1 (low) state, the information 
appearing on the DIO lines is interpreted as an interface control 
message; if it is in the logic 0 (high) state, the information is data. 
If both the ATN and EOI! are true, a parallel polling sequence is 
initiated. 

Shield—Ground line for cable shield. Connected to instrument's 
frames. 

Data input output 5—See pin 1. 

Data input output 6—See pin 1. 

Data input output 7—See pin }. 

Data input output 8—See pin 1. 

Remote enable—Used by a controller in conjunction with other 
messages to select between two alternate sources of program- 
ming data, either front-panel or interface. If REN is low (1) and 
the proper messages sent, the device will be remotely interface 
controlled. 

Ground—Ground wire paired with pin 6 (DAV). These may be a 
twisted pair. 

Ground—Ground wire paired with pin 7 (NFRD). 

Ground—Ground wire paired with pin 8 (NDAC). 

Ground—Ground wire paired with pin 9 (IFC). 

Ground—Ground wire paired with pin 10 (SRQ). 

Ground—Ground wire paired with pin 11 (ATN). 
Ground—Ground return for EOI! (pin 5), REN (pin 17), and DIO 
lines. 


The IEEE 488 connector is shown in Fig. 22-5. This and associated 
cables can be purchased from several manufacturers or suppliers. 
Cables typically have both a plug and receptacle mounted together 
(Fig. 22-6) so that several cables may be connected in any desired 
configuration. 


CONTACT 12 Ye CONTACT 1 


CONTACT 24 CONTACT 13 


Fig. 22-5. IEEE 488 connector, showing contacts. 


Fig. 22-7 shows a typical system using the IEEE 488 bus. The 
sequence given is to demonstrate a possible utilization of the bus. 
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. Processor sends IFC true, thereby initializing the interface. 
. Processor sends DCL measure true, causing all devices to be set 


to a predefined state. 


. Processor sends the listen address of the power supply followed 


by data to program its output(s). 


. Processor sends the unlisten command, followed by the listen 


address for the function generator, followed by data to program 
it. 


HOUSING 


(PLASTIC MOLDED OR EQUIVALENT) 


RAISED GRIP SURFACE 


Fig. 22-6. IEEE 488 cable connector. 


. Step 4 is repeated until any other devices to be used for this test 


have been addressed and programmed. The unlisten command 
is then sent. 


. Processor sends the listen address of a selected measurement 


device (e.g., multimeter ), then the program code data required 
to initiate a measurement. 


. Processor sends unlisten command, addresses itself to listen, then 


sends talk address to the measurement device. The printer could 
also have been addressed to listen so the data would be sent to 
the processor and printed at the same time. 


. Upon completion of its internal measurement cycle, the multi- 


meter sends (talks) its measurement to the addressed listen- 
er(s). 
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Fig. 22-7. Typical IEEE 488 system. 


9. Steps 3 through 8 can be repeated for different parameters. 
10. The processor/controller could make calculations from data 
taken. 
11. The plotter could be addressed to listen, the processor/ controller 
addressed to talk, and a graph(s) of the test obtained. 


All data and interface messages are transferred using a handshake 
process. The handshake timing is shown in Fig. 22-8. The source 
(talkers) sets DAV high (data not valid) and puts new data on DIO 


ST \\\ i 


DRFD 


NDAC 


Fig. 22-8. Handshake timing sequence. 


lines. When all acceptors have released the NRFD, indicating their 
readiness for new data, the source sets DAV low (data valid) and 
holds it and the data stable until all acceptors release NDAC. This 
means all devices listening have accepted the data byte. The source 
now sets DAV high and the acceptors pull NDAC low. The cycle 
repeats for each data (or interface message) byte transferred. 

Fig. 22-9 shows the interface messages in terms of the 7-bit code. 
The figure has two columns for each number. The left is the ISO 
code. It is selected by the ATN line. If ATN = 1, the 7 bits are inter- 
face messages, and if ATN = 0, the data lines contain data which 
can be in ISO form. 

Some examples may clarify the messages. Suppose the controller 
output ATN = 1 and DIO = X0101011. This is recognized as an in- 
terface message (ATN = 1) and is in the 010 column, which means 
that it is telling a device (01011) to listen. Suppose the controller 
output ATN=1 and DIO = X1011111. From Fig. 22-8 this gives the 
UNT (untalk) message, which removes any device from the talker 
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Fig. 22-9. Multiline interface messages: ISO-7 bit code representation. 


mode. One more example: The controller outputs ATN = 1 and DIO 
= X0010100, which is the DCL (device clear) message. This then 
clears (reset) any devices which are in the listener mode. 

An IEEE 488 device has a set of functions selected from Table 
22-1. Many devices only need a few of these functions and the de- 
signer is free to select these. The symbols are often printed next to 
the plug on the device, e.g. SH1, AH1, T2, L1, SR1, RL2, PP2, DC1, 
DTI, E0, El. 


Table 22-1. Interface Function Repertoire 


Function 


Source handshake 

Acceptor handshake 

Talker or extended talker 
Listener or extended listener 


Service request 
Remote local 
Parallel poll 
Device clear 
Device trigger 
Controller 


The symbol with zero means that the device has no capabilities in 
that interface function. Some functions have only two levels (0, 1) 
whereas others have several levels of capabilities. The IEEE 488 
specifications can be consulted if the complete capabilities of each 
function are needed. The EI at the end of the example designates 
open-collector devices whereas an E2 would designate three-state 
devices, which are used for faster data transfer rates. 

The IEEE 488 allows both serial and parallel polling to determine 
devices requesting service. 

A serial poll is initiated by one or more devices with the talker 
function asserting the SRQ bus line. The controller then sequentially 
addresses the device on the bus in whatever order of priority desired. 
The currently addressed device would then put a status byte on the 
DIO lines. If that particular device has asserted the SRQ line, it 
would also put a true (1) on DIO7 and other status information on 
DIOO-DIO6 and DIO8. If DIO7 were false (0), then the controller 
would proceed with the next device and so on. Only devices which 
have received the serial poll enable (SPE) message would respond 
since they should power-up disabled. Devices can be made to not 
respond by sending the serial poll disable (SPD) message. In serial 
polling, the handshake is used. 

Parallel polling is done by the bus controller. In order for a device 
to respond, it must be sent the parallel poll configure (PPC) mes- 
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sage and the parallel poll enable (PPE) message. The PPE message 


1S; 


DIO 
3 2 1 
P3 P2 Pl 


where Y is a don’t care, S determines the sense of the response (S=1 
means response is 1), and P3, P2, and P1 determine which DIO line 
that device responds on (000 = DIOI, 111 = DIO8). The controller 
asks for a parallel poll by asserting the ATN and EOI lines. No hand- 
shake is used. The devices’ enable would then assert their configured 
data lines if requesting service and the controller would input the 
data byte. Up to eight devices can be polled at once. If more than 
one device is configured for the same data line, more than eight de- 
vices can be checked. Some additional polling scheme would be 
required though. Devices can be made to not respond by either the 
parallel poll unconfigure (PPU ) message or the parallel poll disable 
(PPD) message. These are slightly different and the IEEE standard 
should be consulted if necessary. 
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CHAPTER 23 


Benton Harbor Bus to 
S-100 Bus 


A Heath Company H8 system would become more flexible if the 
wide variety of available S-100-compatible boards could be con- 
nected to it. An H8 system owner might also save money by using 
the competitively priced S-100 boards. This chapter will discuss 
the conversion of Benton Harbor bus (BHB) signals to S-100 bus 
signals. 

To accomplish a BHB to S-100 bus conversion, a conversion board 
is needed. It would fit between the BHB and S-100 buses as shown 
in Fig. 23-1. The easiest method would be to make the conversion 
board plug into an S-100 motherboard and to have jumpers run to 
a connector for the BHB motherboard. The conversion board could 
be either a printed-circuit or wire-wrapped board. 

The address bus AO-A15 lines can be converted fairly easily as 
shown in Fig: 23-2. They only need to be connected to the S-100 
lines through 16 inverting three-state buffers. They are also con- 
nected to the address disable ADD DSB line through an inverter. 
If DMA or other bus control devices are not used, the lines could 
simply be connected through 16 inverters and the ADD DSB line 
could be omitted. 

The BHB data lines DO-D7 must be inverted and separated into 
data-in (DIO-DI7) and data-out (DOO0-DO7) lines on the S-100 
bus. Fig. 23-3 shows a possible conversion of the data bus that is 
accomplished using 16 inverting three-state buffers. The data output 
lines can be put in a high-impedance state by DO DSB. However, 
if DMA is not used, DO DSB can be omitted and eight inverters 


used instead. Either type of read signal (IOR or MEMR) will allow 
the data input signals to pass inverted to the BHB data lines. 

The S-100 status lines are obtained as shown in Fig. 23-4. These 
lines can be disabled by connecting STAT DSB to the three-state 
buffers. Again, without DMA, the STAT DSB and the buffers can 


CONNECTOR FOR 
———“BHB MOTHERBOARD 


CONVERSION 
BOARD — |= 


5-100 
MOTHERBOARD 


Fig. 23-1. Connection of an S-100 motherboard to a Bentor Harbor motherboard 
via a conversion board. 


be omitted. On the S-100 bus, status signals are latched onto the bus 
and remain there until the next machine cycle. In the conversion 
system shown, the timing will be quite different since these signals 
are not available on the BHB. The derived lines should have the 
necessary active level at the proper time for most boards used. The 
two signals SHLTA and SSTACK are not obtainable from the BHB 
but should not restrict the use of memory boards. Also shown in 
Fig, 23-4 is the MWRITE signal. The interrupt acknowledge signal, 
SINTA, is not obtainable from the BHB but could be jumpered from 
the H8 CPU board if required. 

Fig. 23-5 shows a possible conversion method for obtaining the 
command/control signals. The lines are shown with three-state buf- 
fers which can be omitted if DMA does not require the command/ 
control disable C/C DSB. Signals PSYNC, PWAIT, and PINTE are 
not obtainable from the BHB; but, if required, they exist on the H8 
CPU board and could be jumpered. 
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A conversion method for the ready and interrupt lines is shown 
in Fig. 23-6. If either of the S-100 ready lines XRDY or PRDY goes 
high, the processor will enter a wait state. The BHB has priority 
interrupts, with INT7 being the highest. Interrupts INT1 and INT2 


BHB S05 
SIGNAL INNO. PINNO. SIGNAL 
70 30 : 19 A0 
Al 3 he: 800A 
A232 > sD 
A 33 > 310A 
MOM > 30 AA 
A 35 = 29 OAS 
M% = .36 > 82 AG 
Ap 37 = 83 OAT 
we 38 >s 4 AB 
39 Pe: 340A 
alo 40 . : 37 A10 
ALL i 0 87 All 
A242 >e 33 AL 
A343 = . 85 A13 
Ald 4 Be 0 86 Al4 
MS 45 >< 32S 


<< |— 22 ADD DSB 


Fig. 23-2. Simple method used to convert the address bus lines. 


on the BHB are dedicated to the H8 front panel. If the front panel 
is not being used, however, jumpers can be placed on the H8 CPU 
board to allow other devices to use INT1 and INT2. One method 
of handling interrupts is with the H8 priority system shown in Fig. 
23-6. This allows five (seven without front panel) priority interrupts. 
However, if interrupts from peripherals occur on the BHB, the num- 
ber of lines available will be reduced accordingly. If more inter- 
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rupts are required, an interrupt-controller board on the S-100 bus 
could accept VIO-VI7 signals and generate only a PINT interrupt 
signal which would be connected through an inverter to an unused 
interrupt on the BHB. If an S-100 board has VIO-VI7 active high, 
then inverters would have to be added to the lines shown in Fig. 
23-6, 


BHB $-100 
SIGNAL PIN NO. PIN NO. SIGNAL 


DO s0 >. 36 «=: 00 


94 Dil 


[ 
ar: Se 
Do i 35 sO 
—{—< 41 sok 
D2 a: 88 p02 
ae « 42 ©» 
D313 a, 89 D03 
ao > 38 DOA 
ae 92 
[ee ie 39 DOS 
a —_ 
eG > 40-006 
ama 


ma | 43° OW 
DOU igericcd 90 DO7 
fo. ‘ <i 23 DO DSB 


Fig. 23-3. A possible data bus conversion method. 


The remaining bus conversions are shown in Fig. 23-7. The power 
supplies and ground are straightforward. Note the higher. voltage 
levels, however. This is not a problem since the on-board regulators 
derive the proper voltages from these voltages. The BHB ¢2 clock 
signal provides both CLOCK and 2 through an inverter. The 
clock can be used as $1 on the S-100 bus in most cases but, if true 
gl is required, an additional nonoverlapping clock circuit will be 
necessary. The BHB HOLD connects directly to the S-100 PHOLD. 
The BHB ROM DISABLE does not convert to an S-100 signal. Both 


BHB S-100 


SIGNAL PIN/NO. PINNO. SIGNAL 
o< | 18 STATDSB 
OR 26 Pe 46 SINP 
MEMR 28 ee 47 SMEMR 
MI 19 =. 44 SMI 
iow ie 45 SOUT 
ie ie 97 SWO 
MEMW 23 a 68 MWRITE 
JUMPER TO CPU BOARD te 96 SINTA 
S—— 48 SHLTA 
S—— 98  SSTACK 
See Fig. 23-5. 


Fig. 23-4. Status line conversion. 


buses have a reset: RESET on the BHB and PRESET on the S-100. 
The BHB RESET is a CPU board output which goes low when the 
CPU RESET is activated, whereas the S-100 PRESET is a signal 


BHB $-100 

SIGNAL PIN NO. PINNO. SIGNAL 
0 <i 19 CCDSB 

SWO FROM FIG. 23-4 Ce 77 ~—-~PWR 

HLDA 25 26 - PHLDA 

IOR 26 i 

MEMR 28 hee 78 PDBIN 

JUMPER ON CPU BOARD hee 27 ~—sOPWAIT 

JUMPER ON CPU BOARD 28 —*~INTE 

JUMPER ON CPU BOARD ee 76 PSYNC 


Fig. 23-5. Command/ control line conversion. 
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BHB S-100 
SIGNAL PIN NO. PINNO. SIGNAL 


3 XRDY 
oe Se 
See Text, ————o< | —____— 73. ~~ PINT 


4 vio 
INTL 8 5 vil 
INT2 9 6 vi2 
INT3 3 7 Vi3 
INT4 4 8 vi4 
INT5 5 9 vi5 
INT6 6 10 Tt 
INT? i VI7 


Fig. 23-6. A method that can be used to convert ready and interrupt lines. 


to reset the CPU. Connecting these lines together would allow a 
BHB CPU RESET to also reset any other boards connected to the 
S-100 bus. Jumpering the S-100 PRESET to RESIN on either the 
H8 CPU board or the front panel would allow boards on the S-100 
bus to reset the CPU. 

5-100 signals not accounted for are PROT (pin 70), RUN (pin 
71), UNPORT (pin 20), SSWI (pin 53), PS (pin 69), SS (pin 21), 
EXT CLR (pin 54), PHANTOM (pin 67), and POC (pin 99). 
Some of these lines may be implemented with front-panel switches 
and indicators. Obtaining others may require sophisticated circuitry. 

Any effort to use S-100 boards from the BHB, by using a conver- 
sion board as discussed, should be preceded by the gathering of as 
much information as possible about the boards. The required S-100 
signals should be determined and compared to either what is avail- 
able on the conversion board or what can be created elsewhere. Any 


BHB $-100 
SIGNAL PIN NO. PIN NO. SIGNAL 
49 CLOCK 
HOLD 27 Sh PHOLD 
RESET 29 —_—__—_—___—— See Text. ——————-._ 75 PRESET 
ROM DISABLE 46 —4 
+8 48, 49°©§_ AAA 155 +8V 
+18 47 ——————___-—___——_———. ? +16 
—18 2 —_ SCO —16 
GND 1, 18, 24 ——_——_——__ 50.100 GND 


Fig. 23-7. A way to convert miscellaneous buses. 


strict timing of signals must be known to determine if any problems 
lie therein. 

If it is desired to use a conversion board which would permit 
using BHB boards on an S-100 system, it could be easily accom- 
plished by deriving the lines as on the H8 CPU board. This can be 
done since the S-100 system was originally designed for the 8080 
CPU as is the H8. 


CHAPTER 24 


TRS-80 Model I Bus to 
S-100 Bus 


The owner of a TRS-80 Model I system might like to use S-100 
bus boards because of their lower cost and wider variety. Therefore, 
this chapter discusses the conversion of signals from the TRS-80 bus 
to the S-100 bus. A conversion board, either printed-circuit or wire- 
wrapped, is needed. It should be designed to plug into an S-100 
motherboard and should be cabled to a connector which fits the 
TRS-80 expansion edge card. 

The address bus AO-A15 can be connected directly from the TRS- 
80 Model I bus to the S-100 bus. If several S-100 boards are used, it 
might be preferable to buffer the address lines on the conversion 
board. However, if DMA is used, the buffers should be three-state 
and be enabled by the TEST (pin 23) line on the TRS-80 Model I 
bus (connected through an inverter ). 

A data bus D0-D7 conversion is shown in Fig. 24-1. The data 
lines are divided into data in (DIO-DI7) and data out (DOO-DO7) 
for the S-100 bus. Both the data-in and data-out lines are buffered. 
The TEST line on the TRS-80 Model I bus three-state buffers the 
data out for DMA operations. The RD and IN lines enable the data 
in for read or input operations. IF DMA is not needed, the data-out 
buffers can be omitted provided there is not an excessive number of 
boards on the bus. | 

The ground lines on the TRS-80 Model I bus (pins 8, 29, and 37) 
are connected to the ground lines on the S-100 bus (pins 50 and 100}. 
However, the TRS-80 Model I bus has only a +5-V power supply, 
whereas the S-100 bus has a +8-V and a +16-V power supply. There- 
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TRS-80 5-100 
SIGNAL PIN NO. PINNO. SIGNAL 


TEST 23 >< 
D0 (30 <a % DI 
ee ee 
Do PS 4 oI 
D232 snail 4 
D326 aa: 42 DB 
—>— a" 
Dds a 9 old 
> 38 04 
D528 <i 92 DIS 
=, 39 05 


D6 od PS 93 DIG 
D7 20 [ancsionsill 43° On 
a 90 007 


RD 15 - 
N19 
Fig. 24-1. Data line connections for the TRS-80 bus to $-100 bus conversion. 


fore an S-100 motherboard interfaced with a TRS-80 Model I system 
would have to have separate power supplies. 
__ Fig. 24-2 shows the remainder of the signal conversions. The OUT, 
WR, RD, and IN signals of the TRS-80 are used to derive the SOUT, 
MWRITE, PWR, SWO, SMEMR, SiNP, and PDBIN signals of the 
S-100 bus. These signals will have some timing differences from the 
true S-100 signals but will work on most boards. The TRS-80 Model I 
bus has only one interrupt input—INT. If vectored interrupts are 
desired, an interrupt controller board can be used on the S-100 bus. 
Any device desiring DMA on the S-100 bus activates PHOLD and 
the various disable lines. In the conversion, these lines are ored to 
provide the TEST signal on the TRS-80 Model I bus. This puts all 
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TRS-80 S$-100 


SIGNAL PINNO. PINNO: SIGNAL 
OUT 12 45 SOUT 
wR 13 68 MWRITE 
77 PWR 
97 Swo 
RB 15 47 SMEMR 
77 i: 4g SINP 
78 PDBIN 
INT 2.6 =| —__—_————_ 3 —O~’ PINT 
18 STAT DSB 
19 CIC DSB 
TEST 23 . 22 ‘ADD DSB 
23 DO DSB 
74 ~~ PHOLD 


72 PRDY 


INTAK i4 | >> 96 SINTA 


SYSRES 20 —————_———See Text ———__________—_____—_—__————_ 5 PRESET 
20 UNPROT 
70 PROT 
INDICATOR 69 PS 


JUMPER TO ¢ ON CPU BOARD 24 $2 
49 CLOCK 

JUMPER TO CPU BOARD ——A_ 44 SM1 

JUMPER TO PIN 18 ON 2899 —————-_ 48 SHLTA 


Fig. 24-2. Line connections for the signal conversions not shown in Fig. 24-1. 
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lines in a high-impedance state. The ready lines are combined and 
connected to the WAIT line on the TRS-80 Model I bus. 

On the TRS-80 Model I bus, SYSRES is a signal that resets the 
peripherals but not the CPU when the reset button is pushed or 
power is turned on. On the S-100 bus, PRESET is normally used for 
CPU reset. If the peripherals are to be reset with these lines, they 
can be connected together, or else SYSRES can be connected to EXT 
CLR on the S-100 bus. Then EXT CLR is used to reset peripherals. 
The SYSRES line should also be connected to POC since it is active 
during a power-up condition. 

Memory protection can be handled as shown in Fig. 24-2. Front- 
panel switches will allow setting or resetting the protect flip-flops 
while an indicator will permit the monitoring of the status of the 
flip-flops. 

There are no timing signals on the TRS-80 Model I bus but, b 
using jumpers to the TRS-80 Model I CPU board, the 42, CLOCK 
and SMI signals can be derived for the S-100 bus if needed. Also, 
ol can be derived from ¢2 by using a nonoverlapping clock circuit. 
The halt acknowledge instruction SHLTA could also be jumpered. 
S-100 signals PWAIT, PINTE, PSYNC, and SSTACK are not deriv- 
able from the Z-80 based TRS-80 Model I. However, the PHLDA 
signal could be jumpered from the Z-80 BUSAK. 

Building a conversion board for use in connecting the TRS-80 
Model I to the S-100 should be preceded by obtaining complete in- 
formation on the S-100 boards. This information is used to determine 
which of the lines are required and which can be omitted. A few 
boards require some signals not derivable from the TRS-80 Model I 
and, therefore, may not be usable. The timing of the derived signals 
is different from normal S-100 timing, and thus boards with strict 
requirements may not work. 

A conversion board to allow use of TRS-80 Model I boards on 
S-100 systems is possible as most of the signals on the TRS-80 bus 
are readily derived. However, the CAS and MUX signals which are 
used for 16-pin dynamic memory are not available and, therefore, an 
additional timing circuit to generate these signals must be included. 
See Chapter 5 and Fig. 5-6 for a description of a TRS-80 Model I 
circuit that will generate these signals. 
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CHAPTER 25 


6502/6800 to S-100 
Conversion 


Although 6502/6800-based systems have been quite popular, rela- 
tively few expansion boards have been produced for them. Only 
the SS-50 bus offers users a variety of boards. However, use of the 
plentiful S-100 boards on 6502/6800 systems is possible via a bus 
interface board. 

The KIMSI, shown in Figs. 25-1 and 25-2, is a good, commercially 
produced KIM to S-100 interface board that will be used to illustrate 
the needed signal conversions. The KIMSI interface board plugs 
onto the KIM expansion connector and provides an eight-slot S-100 
motherboard. 

Three types of signals (address, data, and control) must be trans- 
ferred between the buses. Since the KIMSI is not provided on-board, 
all KIM signals must be buffered. Both systems use 16-line address 
buses, so the AQ-AI5 signals of the 6502 translate directly into the 
S-100 address lines as shown in Fig. 25-3. The 74367 buffers provide 
the needed drive. 

The bidirectional data bus of the 6502 must be divided into data 
in and data out lines as shown in Fig. 25-4. Data out and data in 
are both connected to the D0O-D7 lines of the 6502 through three- 
state buffers. The data out buffers are controlled by the R/W line 
of the KIM and the data in buffers are controlled by the R/W line 
of the KIM. The possibility of input and output data appearing on 
the D0-D7 lines simultaneously is, therefore, prevented. 

The #2 line of the 6502 is inverted to become the S-100 $2 line 
and can be jumpered to Ké2. The SYNC signal of the 6502 which 
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Courtesy Forethought Products 
Fig. 25-1. The KIMSI interface board. 
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(KRDY) (6D 
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SIS89s 
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CONNECTOR SYMBOLS: 

©) KIMSI EDGE-CONNECTOR FINGER UNPROT 
[> CONNECTION TO S-100 BUS PROT 

1. ICs 2. 3. 4. 5. 6. 7 AND 13 ARE 74367s. 

2. PINS 1 AND 15 ARE THREE-STATE INPUTs. 


Courtesy Forethought Products 
Fig. 25-2. Schematic of the KIMSI board. 


173 


occurs at the beginning of each op-code fetch cycle is buffered and 
becomes PSYNC for the S-100. However, the PSYNC signal occurs 
at the beginning of each 8080 machine cycle so the conversion does 
not work since more than one PSYNC signal occurs during the exe- 
cution of an instruction. The SYNC signal could be better translated 
into SM1 (line 44) which occurs at the beginning of each 8080 op- 
code fetch. 


KIM $-100 
SIGNAL PIN NO. PINNO. SIGNAL 
m2 z> 19 A 
AY Be 80 OAL 
2X z> 81 AD 
BOW 2> 31 AB 
MoO Ee. 30 AM 
AB OU De 29 OAS 
m6 OT Be 82 AG 
aS be 83 OAT 
ABR aS 84 AB 
9 OP Be 340A 
Alo ON De 370 
All M a> 87s Al 
2 LL De. 33 AN 
A13 K a> 8 AL 
Al4 J a> 86 OANA 
A15 H a> 32. ALS 


To Fig. 25-9 
Fig. 25-3. The address lines are simply buffered lines. 
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Fig. 25-5 shows the derivation of the PDBIN signal, which occurs 
during the $2 cycle when the 6502 is in a read operation. The R/W 
line of the 6502 is buffered and becomes the PWR line for the S-100. 
Also, the R/W line of the KIM is buffered and becomes the SWO 
line for the S-100. Timing of these signals is generally acceptable to 
most S-100 boards. 

The input and output status lines are derived in Fig. 25-6. The 
6502-based system treats memory and i/o devices alike: both are 


KIM 
SIGNAL PIN NO. PIN NO. 
<i 95 

pad «8 a> 36 
oa " 

DBL 9 14> 35 
te : 

DB2 «10 Pe 88 
<a ; 

DB3) sd Be 89 
a : 

DBA «12 ae 38 
ft * 

DB5 13 be 39 
peel ; 

DBE 14 > 40 
a : 

DB? 15 5 > 90 

KENBL 4 

R/W E =D; 

+5V o = 
RW OD fal 


See Figs. 25-2 and 25-9. 
Fig. 25-4. The data lines of the KIM must be split. 


DIO 
DOO 
Dil 
DO1 
DI2 
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DO03 
Di4 
DO4 
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DOS 
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DI7 


DO7 


SIGNAL 


W75 


KIM 5-100 
SIGNAL PIN NO. PINNO. SIGNAL 


2 F 
78 PDBIN 


71 PWR 


RW E 


97. — SWO 


To Figs. 25-2 and 25-9 
Fig. 25-5. The PDBIN, PWR, and SWO lines are derived from the R/W line of the KIM. 


assigned addresses between hex 0000 and FFFF and both must 
respond to its read/write line. The S-100 employs separate memory 
and i/o read/write lines, thus allowing up to 512 special i/o port 
addresses. The KIMSI interface board provides these special ad- 
dresses by reserving one section of memory for i/o ports. These 
locations cannot be assigned to memory and are the only S-100 i/o 
locations available. When lines A12—A15 are high and line A8 is low, 
the decoder circuitry produces a low out of NAND gate 1A. This low 
is combined with the R/W of the 6502 to generate the SOUT and 
with the R/W of the 6502 to obtain SINP. Both SOUT and SINP will 
be active any time an address consisting of FYXX (where Y is even) 
is called. The i/o devices will respond to FOXX, F2XX, F4XX, F6XX, 
F8XX, FAXX, FCXX, and FEXX. Normally all i/o boards are as- 
signed an FOXX address. F2XX, F4XX, . . . are reserved for those 
i/o boards that respond to the upper address lines (A8-A15). To 
prevent enabling two boards at the same time, a board at F000 and 


KIM $-100 
SIGNAL PIN NO. PINNO. SIGNAL 
a2 ok 
— SINP 
Aa craRoucH “° 
BUFFER 7) 
Also 
ABR caRouen 45 SOUT 


BUFFER 7) 


Fig. 25-6. Derivation of the input and output status lines. 


68 MWRITE 


+5V 
Fig. 25-7. The MWRITE is derived from the i/o select. 


a board at F200, one FOXX address must be disallowed: for boards 
using FOXX locations. Boards responding to the high byte, F2XX, 
etc., must use that disallowed low byte in their address. If F000, for 
example, is the forbidden address, conflicts will not occur as high- 
byte boards will be at F200, F400, etc. 


sec} 
V0 _ ) 120 7 SMEMR 
RW 


Fig. 25-8. The SMEMR is derived from the i/o select. 


The MWRITE is also a product of the circuitry of Fig. 25-7. The 
SOUT line is Nored with the R/W of the 6502, which produces an 
output to memory when the i/o section has not been enabled. By 
combining the i/o select signal from gate 1A with the R/W of the 
6502, SMEMR is obtained as shown in Fig. 25-8. By deriving the 
MWRITE and SMEMR from the R/W and i/o select circuitry, 
memory and i/o addresses are separated. 

The hold and ready interface circuitry is shown in Fig. 25-9. The 
S-100 KRDY and PRDY lines are directly connected to the RDY in- 


TO ADDRESS 
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en BUFFERS 2, 3, 7 and 13 
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KHOLD IN s>— PHLDA 
— ' TO D00-D07 ON 
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Fig. 25-9. The hold and ready interface circuitry. 
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put of the 6502. The PWAIT signal is produced by IC 10B during 
the $2 cycle of 6502, following the 1 cycle in which the KRDY or 
the PRDY is pulled low. The KRDY or PRDY will stop the 6502 from 
allowing the use of slow memory. The KHOLD and PHOLD can 
be used by DMA devices to gain control of the buses. The RDY line 
of the 6502 must be used in conjunction with the hold lines. Pulling 
the hold and ready lines low floats the address, data, and control lines 
during the next read cycle. 

The PINT line connects directly to the IRQ input of the 6502. 
The NMI line of 6502 is fed directly by S-100 line 17, which is not 
standardized in most 8080-based systems. The POC line of the S-100 
is connected to and resets the 6502 through the RST line. The pro- 
tect and unprotect lines are unused on the KIMSI interface board 
but could be implemented with front-panel switches and indicators. 
The KIMSI board uses the unregulated S-100 voltages to obtain 
the regulated +5 V and +12 V required by the KIM-1 microcom- 
puter. 


Fig. 25-10. Decoder circuitry used by the KIMSI interface board to enable the KIM-1. 


Because the KIM-1 microcomputer has its monitor ROMs and 1 
kilobyte of RAM on board, the KIMSI interface board must look at 
the address lines and select the on-board memory when it is called 
by the processor. The K-ENBL line, when pulled low, enables on- 
board memory and, when high, disables on-board memory. The 
KIM-1 microcomputer reserves hex locations 0000 to 1FFF and 
FFF0 to FFFF for its use. The decoder circuitry used by the KIMSI 
interface board to enable the on-board memory of the KIM is shown 
in Fig. 25-10. Without the K-ENBL, more than one device could be 
on the data bus at the same time. 

The circuitry used on the KIMSI board can easily be adapted for 
use by other 6502-based systems. Forethought Products produces a 
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PET to S-100 interface board, the BETSI, which is shown schemati- 
cally in Fig. 25-11. Notice that although some lines are handled 
differently, most of the same S-100 signals are derived. 

Since the 6502 and 6800 processors produce the same clock, ad- 
dress, data, R/W, interrupt, and reset lines, they are converted as 
previously discussed. The ready line is not available on the 6800 and 
slow memory must stretch its clock cycles. The 6800 microprocessor 
outputs a valid memory-address signal, VMA, each time a memory 
or i/o operation begins which can be used as the S-100 SYNC. The 
6800 HALT input can be connected to the S-100 HOLD lines to 
allow DMA operations. The three-state control hae? of the 6800 
is functionally the same as the S-100 address disable 
They must, however, be connected through an inverter. The S- 100 
data out disable (DO DSB) function can be performed with the 
data bus enable line (DBE) of the 6800 microprocessor, if the DB 
DSB is inverted. The bus available (BA) output of the 6800 can be 
used as the S-100 hold acknowledge (PHLDA) signal, in response 
toa PHOLD or KHOLD input. 

The conversion from the 6502/6800 buses to the S-100 bus is not 
difficult for most signals. Timing and signal information should be 
carefully examined, however, before any board is added. 
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APPENDIX 


Pinout Designations 


The various pinout designations given throughout the book are 
listed again in this appendix. They will serve here as a convenient 
finger-tip guide to the pin designations. 
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The S-100 pinout designations. 

The IEEE S-100 pinout designations. 

The Benton Harbor H-8 pinout designations. 
The TRS-80 Model I pinout designations. 
The TRS-80 Model III pinout designations. 
The TRS-80 Model II pinout designations. 
The TRS-80 Color Computer pinout designations. 
The SS-50 pinout designations. 

The SS-30 pinout designations. 

The SS-50C pinout designations. 

The SS-30C pinout designations. 

The KIM/AIM/SYM pinout designations. 
The Apple II/III pinout designations. 

The PET pinout designations. 

The OSI pinout designations. 

The Atari pinout designations. 

The TI-99/4 pinout designations. 

The Digital Group memory-connector pinout designa- 
tions. 

The Digital Group i/o pinout designations. 
The LSI-11 pinout designations. 

The Multibus pinout designations. 

The Exorcisor pinout designations. 

The Versabus P1 and P2 pinout designations. 
The STD pinout designations. 

The IEEE 488 pinout designations. 
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Fig. A-1. The S-100 pinout designations. 
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Fig. A-2. The IEEE S-100 pinout designations. 


| Ne ee ee ad 
2S oO on~ DD ON S&S WA — © CO OO ™ MD ON & WW AD 


RO RO RO RS RO §R) RO RO 
cons & OT & GW PO 


qe RO 
So o 


Ww Ww &® Ww Ww 
On & GW RO — 


WD @W GW Ww 
wodc6jen~ Om 


+8V 
+8V 
+18V 
ROM DISABLE 
Al5 
Al4 
Al3 
Al2 
All 
Al0 
A9 

A8 

A? 

AG 

AS 


8 
7 
6 
5 
4 
3 
2 
] 
0 


Fig. A-3. The Benton Harbor H8 pinout designations. 
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Fig. A-4. The TRS-80 Model | pinout designations. 
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Fig. A-5. The TRS-80 Model 11! pinout. designations. 
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Fig. A-7. The TRS-80 Color Computer pinout designations. 
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Fig. A-8. The SS-50 pinout designations. 
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Fig. A-9. The $§-30 pinout designations. 
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Fig. A-10. The $S-50C pinout designations. 
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Fig. A-12, The KIM/ AIM/SYM pinout designations. 
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Fig. A-13. The Apple 11/11! pinout designations. 
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Fig. A-14. The PET pinout designations. 
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Fig. A-15. The OSI pinout designations. 
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Fig. A-16. The Atari pinout designations. 
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Fig. A-17. The TI-99/4 pinout designations. 
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Fig. A-18. The Digital Group memory-connector pinout designations. 
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Fig. A-19. The Digital Group i/o pinout designations. 
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Fig. A-20. The LSI-11 pinout designations. 
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Fig. A-21. The Multibus pinout designations. 
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Fig. A-22. The Exorcisor pinout designations. 
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Fig. A-23. The Versabus P1 and P2 pinout designations. 
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Fig. A-23. The Versabus P1 and P2 pinout designations—(continued). 


Fig. A-24. The STD pinout designations. 
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Fig. A-25. The IEEE 488 pinout designations. 
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